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ABSTRACT 
Hip fractures (HFs) are common in long term care facilities (LTCFs). Reports on HF 
incidence for Canadian LTCFs are limited. To address the gap, this study analyzed retrospective 
databases from the Canadian Institute for Health Information (CIHI) from January 1, 2010, to 
December 31, 2014, for LTCFs in British Columbia (BC).  Information for the first event of HF was 
extracted from the Discharge Abstract Database (DAD) and for explanatory variables (e.g., health 
behaviors, body mass index, clinical conditions) from the Continue Care Reporting System (CCRS), 
based on RAI-MDS 2.0, which is hosted by the Canadian Institute of Health Information 
(CIHI).  Two research questions were addressed: 1) what is the incidence of hip fracture for 
residents aged 65 years and older living in LTCFs in BC, Canada, patterned by time (2010-2014), 
person-level (age and sex), and place (facility size, rural-urban locations, and health regions) 
factors? and 2) what person-level factors, health behaviors (smoking and alcohol consumption), 
place factors, and clinical factors (body mass index, diabetes mellitus, rheumatoid arthritis, 
osteoporosis, dementia, Parkinson’s disease, and falls) are associated with hip fractures in adults 
aged 65 years and older living in LTCFs in BC, Canada? 
The cohort included 33,739 residents (age ≥ 65 years) who resided in 305 LTCFs across 
BC. Results showed a downward trend in HF incidence rates (IRs) in all age groups (approximately 
18% from 2010-2014), which was more pronounced in females than males. Results stratified by 
a combination of person, place, and time characteristics showed quite nuanced patterns of HF in 
this population. The results of the multivariable logistic regression indicated that compared to 
the youngest age group, there were higher odds of HF in those aged >= 90 years [OR= 1.34 (95% 
CI: 1.18,1.51)]. The study also found  greater odds of HF for females [OR=1.61 (95% CI: 1.45,1.78)], 
those with a BMI classification of underweight [OR=1.81 (95% CI: 1.47, 2.23)], normal [OR= 1.82 
(95% CI: (1.52, 2.18)], or overweight [OR= 1.36 (95% CI: (1.12, 1.65)] compared to obese, those 
with dementia [OR=1.46 (95% CI: 1.33, 1.62)] and  those who experienced a fall in the last month 
[OR=1.15 (95% CI: 1.02, 1.29)]. The results of this study provide important information on time 
trends in HFs among LTCF residents as well as risk factors. The results also offer preliminary 
information about the potential impact of rural-urban location and facility size on HF IRs, which 
can be the starting point for future studies on this topic beyond a single province. 
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CHAPTER 1 
This chapter describes relevant demographic trends in Canada, followed by the study 
rationale, purpose, and research questions.    
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1.0 Introduction 
Consistent with temporal population patterns in other developed countries, Canada’s 
population is aging.(1) In 2013, approximately 15% of Canada’s population, comprising 5.4 million 
people, was aged 65 years and over. (2) By 2063, estimates forecast that the number of older 
adults will grow to 15 million, representing approximately one-quarter of the Canadian 
population. Canadians over 80 years of age are one of the fast-growing senior age groups, totaling 
1.4 million in 2013, and expected to increase to 4 and 6 million by 2063. (3) 
Aging is associated with more health problems, including an increased risk of fracture. An 
estimated 30,000 hip fractures (HFs) occur in Canada annually, with the majority occurring in 
those 75 years of age and over (75%) and in women (72%).(4) HF for older adults is associated 
with many adverse outcomes – for individuals, families, and the healthcare system.(5) Between 
one quarter and three quarters of older adults living independently before experiencing a HF 
report significantly lower levels of independence post fracture.(6) The psychosocial consequences 
of HFs include depression, a fear of falling, and social isolation.(7) Following a HF, an older adult’s 
risk of death doubles and remains elevated for several years after the event.(8) For example, in 
Ontario, Canada, nearly one-quarter of women and one-third of men die within one year after a 
HF.(9) HFs also have serious economic costs. In Canada, the yearly healthcare-related costs of HF 
are estimated at 1.1 billion dollars.(10) Similarly, treatment costs for osteoporosis (a major HF 
aetiological factor) and resultant fractures combined reached 3.2 billion dollars annually.(10) 
Older adults living in long term care facilities (LTCFs) are among the population most 
vulnerable to HFs in Canada.(11) Although estimates vary, an Ontario study (12) reported  the 
incidence of HFs in LTCF residents in 2012 was approximately double that of same-aged adults 
living in the community. This estimate was even higher for residents in Saskatchewan.(13) Possible 
reasons for this difference are that compared to the community dwelling older adults, those in 
LTCFs are more likely to be older and female, both risk factors for HF.(11) Additionally, higher rates 
of cognitive impairment, osteoporosis, and falls in older adults living in LTCFs may contribute to 
a higher prevalence of HF and consequent functional decline and death.(14) 
Research examining the determinants of HF among older adults has focused 
predominately on community dwellers. Risk factors for HF in community dwellers  include health 
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behaviours such as alcohol consumption (15) and smoking. (16)  Additionally,  concurrent clinical 
conditions such as body mass index (BMI), (17) diabetes mellitus (DM), (18) rheumatoid arthritis 
(RA),(19) osteoporosis,(20) dementia, (21) Parkinson’s disease (PD),(22,23) and falls (24, 25)  have been 
associated with an increased risk of HF. Environmental correlates of HF have also been  examined 
for community dwellers. An individual’s geographical location has an impact on the likelihood of 
fractures of all kinds, including HFs.(26) HFs are more common in urban than rural settings.(27,28)  
 
1.1 Rationale and research questions 
Epidemiological data is vital for implementation of preventive measures and to inform 
health care planning and management.  The results of studies with community dwelling older 
adults suggest that the determinants of HF are multifactorial. With a few exceptions,(12,13) 
corresponding information for Canadians living in LTCFs is sparse. To address this gap, the aim of 
this study was to provide reliable information about the incidence and correlates of HF in LTCF 
dwellers in British Columbia (BC). BC was selected as the sampling frame since the older adult 
population in this province is increasing significantly. It currently ranks fifth among all Canadian 
provinces and territories. For instance, BC’s proportion of older adults increased from 15.7% in 
2011 to 18.3% in 2016.(2) Also, seven of the top ten largest older adult populated municipalities 
in Canada are in BC (29) with significant numbers of older adults living in LTCFs.(30) 
Using several administrative databases managed by the Canadian Institute for Health 
Information (CIHI), two research questions guided this investigation:  
1)    What is the incidence of hip fracture for residents aged 65 years and older living in 
LTCFs in BC, Canada, patterned by time (2010-2014), person-level factors, and place? 
2)  What person-level factors (age and sex), health behaviors (smoking and alcohol 
consumption), place factors (facility size, rural-urban locations, and health regions), and clinical 
factors (BMI, DM, RA, osteoporosis, dementia, PD,  and falls) are associated with hip fracture in 
adults aged 65 years and older living in LTCFs in BC, Canada? 
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CHAPTER 2 
2.0 Literature review 
Chapter 2 begins with a demographic overview of aging in Canada and British Columbia, 
followed by a definition of hip fracture, the consequences of hip fracture, and trends in hip 
fracture incidence over time, including for those residing in both community and long-term care 
facilities. Research on the patterning of hip fracture by characteristics related to person and place 
is reviewed, as are studies examining hip fracture in relation to health behaviors and clinical 
conditions.   
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2.1 Demographic shifts 
2.1.1 Demographic shifts in Canada 
The Canadian population has increased substantially (56%) in the last four decades, and 
surpassed 35 million in 2016.(2) According to Canada’s 2011 Census, the proportion of older adults 
is 14.8%.(31) The 2016 Census reports that the aging population has increased significantly to 
16.9%.(2) The Census has reported the most substantial increase in the proportion of older adults 
since 1871. 
Consequently, in 2016 for the first time in Canadian history the number of older adults 
exceeded the group below 15 years of age (5.9 million versus 5.8 million).(2) Between 1982 and 
2012, the age group 65 years and above showed the most significant increase. For instance, older 
adults aged 65 years increased by more than 100% while the 85 and over group increased by 
250%.(32) 
The proportion of the most aged older adults (85 and older) is expected to proliferate 
rapidly in the next few decades. In 2010, about 53% of older adults were between ages 65 and 
74, 33% were between ages 75 and 84, and 13% were 85 and older. This latter group accounted 
for 2% of the total population of Canada in 2011.(2) In 2031, it is predicted older adults aged > 85 
years will account for a similar proportion of all seniors and 3% of the total population of Canada. 
(33) By 2046, these proportions will have nearly tripled: the eldest older adults (age 85 and older) 
will account for 9.7% of the total population. While overall >65 years older adults will most likely 
reach around 40% of the total Canadian population. (3) 
2.1.2 Demographic shifts in British Columbia 
In BC, the number of older adults is expected to rise from approximately 853,000 in 2016 
to an estimated 1.47 million over the next 20 years.(34) The highest growth, 19.4% from 2011 to 
2016, was noted among those 85 years and older  and has been exponential by a factor of 4 
compared with the overall Canadian population growth rate . The subpopulation of older adults 
over 100 years of age grew even more rapidly from 2011 to 2016 by 41.3%. (29) The proportion of 
older persons jumped from 15.7% in 2011 (31) to 18.3% in 2016 (2)  with a significant number living 
in BC LTCFs. (30) 
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2.1.3 Demographic shift worldwide  
A rising trend in the older adult population is also seen worldwide. The United Nations 
(UN) predicts that by the year 2045, the number of individuals aged 60 years and older will exceed 
the number of individuals under 15 years of age.(35) Regions experiencing the most significant 
increase in this age group include Europe and North America. By the year 2060, older adults will 
account for approximately 151 million people in Europe (36) and comprise 22% of the American 
population.(37) 
 
2.2 Overview of hip fracture 
2.2.1 Definition of hip fracture 
A HF is a break in the upper quarter of the femur (thigh) bone. (38) There are three types: 
Intra-capsular (transcervical) fracture  
These fractures occur at the level of the neck and the head of the femur and are generally 
within the capsule. The capsule is the soft-tissue envelope that contains the lubricating and 
nourishing fluid of the hip joint itself. 
Inter-trochanteric fracture 
This fracture occurs between the upper bony prominence called the greater trochanter 
and a lower bony prominence called the lesser trochanter.  
Sub-trochanteric fracture 
This fracture occurs below the lesser trochanter in a region that is between the lesser 
trochanter and an area approximately 2 1/2 inches below it. 
The extent of the break depends on the forces that are involved. The type of surgery used 
to treat a HF is primarily based on the bones and soft tissues affected, or on the level of the 
fracture. The hip is a ball-and-socket joint. It allows the upper leg to bend and rotate at the 
pelvis.(39)  
2.2.2 Trends in hip fracture 
HF is an important cause of morbidity and has become a significant health problem 
worldwide. It has been estimated that the overall HF burden will increase to 6.3 million in 
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2050.(39) On the one hand, longevity is improving globally, though on the other hand, it co-exists 
with clinical conditions that increase the risk of HF, including diabetes, (40) neurological disorders 
such as dementia, (41) and fall. (25) It is expected, therefore, that the increase in older adult 
population will raise the number of HFs.(42,43) Therefore, it is pivotal to begin with trends for HFs.  
2.2.2.1 Canadian trends 
In Canada, there is a reported downward trend for HF IRs. A study published in 2009 based 
on pan-Canadian CIHI Discharge Abstract Database (CIHI-DAD) metadata over 20 years (1985-
2005) described a persistent downward pattern of age-adjusted HF IRs in both sexes.(42) In the 
same analysis, HF rates decreased incrementally by 1.2% per year for the period 1985–1996. 
After that, this rate further sloped down 2.4% until the end of the study period (2005). Provincial 
studies from BC yielded the same downward trend in HF IRs, particularly after 1995, although 
they were preceded by stable rates in the 1980s (an overall 8% decrease was seen in incidence 
rates for both female and male).(44) Overall, TTs in an Ontario-based study, (12) with more than 
ten years of observation, demonstrated that the absolute number of fractures increased over 
time in the community due to an increasing population of older adults. However, IRs showed a 
decreasing pattern for both community and LTCF-dwelling older adults with a more noticeable 
decline among LTCFs from 2004 to 2012.(12) 
Furthermore, CIHI revealed a 13% reduction in the HF IRs in 2005–2006, as compared with 
2001–2002, after adjustments were made for population growth and age.(45)   At present, the 
recent trend illustrates a steady decline in HF IRs in Canada (4,42) However, the estimated annual 
national numbers for HFs are predicted to climb to 41,701 in 2035 (6,048 in BC). (46)  
2.2.2.2 North American and European trends 
HF IRs vary throughout North America. Initially, during the second half of the 20th century, 
an increasing trend was reported for both sexes with advancing age. A recent study in the US of 
those aged 65 years and older, registered between 1986–2005, identified 786,717 HFs. An 
increasing IR of approximately 9% was identified for the first ten years (1986-1995), followed by 
a decline of 24.5% in the last ten years (1996–2005) of the study.(47) However, of the growing 
older adult population in the US, the gross number of HFs is projected to increase to more than 
500,000 per year by 2040.(48) Indeed, European countries reported similar findings of an overall 
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increase in HFs due to a growing population of older adults.(49) However, in general, the literature 
on HF IRs worldwide showed a declining trend. 
2.2.2.3 LTCF trends 
HF incidence within LTCFs are 4 to 8 times higher than among similar age groups of 
community-dwelling older adults.(50) The estimated annual IR of HFs in LTCFs is approximately  
4% and the risk is 2-11 times higher than for community dwellers.(51) Even higher IRs were 
reported from a US study.(52) A recent Ontario-based study reported that the risk of HFs is at least 
1.8 times greater in LTCFs than in the community for people matched by age and sex. The rate in 
women is 1.5 times higher, whereas in men it is 4.3 times higher.(11) Another study reported that 
the incidence of first time HFs for LTCF residents in 2012 was 31% of the total HFs that occurred 
among older adults of London, Ontario.(12) This number was even higher in Saskatchewan at 41% 
of total (community and LTCF combined) provincial HFs.(13) However, there is only one report on 
TT is available from Ontario with an average annual percent change of -3.49% (- 3.97 , -3.01) 
between 2002–2012.(12) In summary, in LTCFs the HF incidence is proportionally higher compared 
to community dwellers in Canada and elsewhere. 
2.2.2.4 Factors involved in lowering trends  
The phenomenon of the lowering HF trend in Canada and elsewhere is somewhat 
peculiar, as presumably the geriatric population is at a higher risk of incurring a HF due to a high 
prevalence of associated frailty. Despite this fact, the incidence of HFs continues to decrease. 
Some well explained contributory factors have been considered. For example, there have been 
improvements in the health management of older adults along with enhanced avoidable risk 
prevention techniques.(53) Correspondingly, some established preventive protocols have been 
identified as useful factors for avoiding HFs. These include rigorous safety checks, better staff 
education, modifying the physical environment, (54) and applying hip protectors. (55) 
Concomitantly, from the mid-1990s onwards favorable trial outcomes demonstrated the efficacy 
of bisphosphonates in low-impact fractures. Prescription rates for these medications have 
increased tremendously with positive results. (56) Similar findings were reported for calcium and 
vitamin D supplementation programs. (57)  
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Growing awareness of the importance of healthy lifestyles has also brought positive 
changes to reinforce this trend. (58) In Canada, for example, smoking has declined over time. 
Smoking rates have decreased from 25% in 1999 to 13% in 2015, and have led to improvements 
for older Canadians at an average body weight.(59) Reduction in alcohol consumption and 
improvement in physical activity levels are among a few other positive contributing factors.(60) 
Such improvements have led to an excellent health perception by 90% of Canadians. (59) 
Another highly relevant factor linked with changing epidemiology is the improvement in 
fall prevention strategies. Currently, there is a declining pattern of falls (61) that suggests the 
possibility of the positive impact of fall prevention strategies. (62) It is also possible that a quick 
decline of HFs may be due to improved screening and treatment of osteoporosis. (56) Since 
osteoporosis increases bone porosity, it dramatically increases the chances of a HF if a person 
falls. (63) Therefore, improved preventive strategies (64) along with improvements in average bone 
mineral density (BMD) (65) may have offset changing HF indices. 
 
2.3 Consequences of hip fracture 
2.3.1 Health related  
     HFs elicit many adverse outcomes including pain, disability, immobilization, functional 
decline, delirium, and even premature death. Reports describing patterns of mortality after HF 
events have found increased mortality rates of at least 12–20% in the first year post-HF. (66,67) 
CIHI recently reported that the mortality risk post-HF increases by 128% for those aged 85 to 94, 
and by over 300% for those aged 95 and above. (45) A recent report from the Unites States on 
LTCF residents showed a 36.2% mortality increase by 180 days post HF in partially-dependent 
residents, and a 53.5% increase for totally-dependent residents. (68) Thus, despite the overall 
declining trend the persistent mortality rates associated with HFs remains of great concern 
worldwide (47,69) and within Canada.(70) 
Post HF additional compromises to an individual’s quality of life remain a crucial issue for 
the individual, family and care providers. Many older patients develop disabilities of mobility 
after HF surgery. After receiving surgery for their HFs, 25% of patients (who were independent 
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prior to surgery) required a LTCF, with 60% of patients becoming dependent in more than one 
activity of daily living.(71) Compromised quality of life impacts individuals, society, and the health 
care system. People who experience a HF frequently need longer hospitalization often followed 
by prolonged rehabilitation. In a recent review, it has been estimated that one-year post HF, 
approximately, 2% of survivors fail to return to their pre-fracture mobility, 35% are incapable of 
walking independently, and 20% are unable to shop independently.(5) Psychosocial consequences 
of a HF including possible depression, fear of falling and disability, institutionalization, and social 
isolation are particularly crucial for a frail aged population. (72) Residents in LTCFs tend to 
experience poorer post-HF outcomes compared to community dwellers.  A study conducted in 
Canada aiming to assess post-HF functional outcomes among seniors reported 39% patient who 
died after their discharge from hospital post HF were from LTCFs and 20.5% from the community. 
(70) 
 
2.3.2 Financial 
The financial burden of HFs is of paramount concern for the healthcare system. 
Approximately 45% of the provincial and territorial governments’ healthcare expenditures are 
devoted to older adults (73) despite this group accounting for only 15% of the population. (2) The 
above factor is important in the context of HFs. It has been estimated that the 90-day average 
episode costs for HFs vary from $32,618 to $42,796 across Canada’s healthcare system. (9) Ontario 
contributes up to $282 million annually for HF treatment costs alone.(74) In LTCFs, individual HF 
treatment costs are estimated at $44,156 dollars for each event. Estimated annual costs for 
osteoporosis and fractures combined among LTCF residents amount to $3.9 billion. (75) 
Multifactorial costs are associated with hospitalization and subsequent rehabilitation for 
patients with HFs. A Canadian study in 2011 evaluated the longitudinal costs of HFs from a 
Canadian perspective reported that the mean total 1-year direct costs for treatment was $27,527 
in 1997.(76) This number is much lower than the mean direct cost of $52,232that was reported 12 
years later. (9) Another United States study reported that despite being only 14% of the total 
number of fractures, HFs comprise 72% of total fracture treatment expenditures. (77) Based on a 
one-year study, it has been estimated that in the United States HFs resulted in the loss of more 
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than 550,000 person-years of life with lifetime healthcare costs approaching $25 billion, which 
could potentially lead to the premature loss of 1.1 million years of life with associated healthcare 
costs of $47 billion. (78) 
2.4 Risk factors for hip fracture 
In Canadian LTCFs several factors have been reported to indicate a higher propensity for 
HFs. (14) Similarly, in other parts of the world, studies have been published on elderly community 
dwellers in general, but not specifically for LTCF residents; these studies showed some 
association between HFs and multiple individual and clinical factors such as health behaviors like 
alcohol use (15) and smoking. (16) Clinical factors (i.e., BMI, (17) DM, (18) RA, (19) osteoporosis, (20) 
dementia, (21) PD, (22,23) and falls (24,25)) have also been implicated. In addition, several 
environmental factors are associated with HFs for community dwellers. For instance, the urban 
and rural impact of HFs for community dwellers worldwide has been reported. There has been 
an increase of fractures (of all kind) in urban settings compared to rural areas. (27,28) These factors 
are not well explored in LTCFs. Recently, a pioneer study from Saskatchewan described urban-
rural differences and IRs for the size of the facility. (13) The following section will include a 
literature review of the factors mentioned above. 
 
2.4.1 Age and sex 
The risk of HFs increases sharply with age. HF is a condition common among older adults, 
with a natural impact on routes of recovery, management, planning of care, and existing 
resources, and research. (80) Studies have reported an exorbitant increase in HF rates with an 
increase in mean age, rising from 22.5 and 23.9 per 100,000 people for men and women 
respectively at age 50 years, to 630.2 and 1289.3 per 100,000 people by the age of 80 years.( 81) 
A Canadian study, based on five years of nationwide HF data, reveals a strong link with older age, 
as only 3.9% of HFs were found among individuals aged 50 years or under, versus 21% in the 50-
74 age group, and 75% of HFs occurring among those 75 years and older. (4) In 2008, a review 
over a four-decade period (1959–1998) described demographic changes, with the mean age of 
HF incidences increasing steadily from 73 years of age in the 1960s, to 79 years of age in the 
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1990s. (82) An estimated 30,000 HFs happen in Canada each year with the majority occurring in 
those 75 years of age and older (75%). (42) 
It is expected that by 2031, approximately 45% of HFs will occur among those 85 years or 
older. (83) This prediction may have already eventuated in some jurisdictions. In Quebec, for 
example, it has recently been reported that older adults over the age of 85 have a 45% chance of 
having a HF. (80) A similar trend was reported in other Canadian studies. (83)  
In general, older adults in Canadian LTCFs are more likely to be frail, which presumably 
explains some increased risk relative to their community-dwelling counterparts. (11) The 
estimated prevalence of HFs in LTCFs is approximately 20% and is highest among residents 
approaching 90 years of age. (52) The studies reported fracture rates in LTCFs between 4 to 8 times 
higher than similar age groups of community-dwelling older adults. (51,52)        
There are a few reports with different estimates available on HFs in LTCFs. For instance, 
an Ontario study reported the incidence of first time HFs in 2012 for LTCF residents was 31% of 
the total HFs occurring in the combined community and LTCF populations. (12) An even higher 
number of HFs were reported from Saskatchewan at around 41% of the combined community 
and LTCF populations. (13) Therefore, advanced age and frailty related issues may predispose 
residents for HFs. The differences in reported numbers between studies may be due to different 
methodologies and differences in study population.  
Sex differences exist for HF incidents as women are relatively more vulnerable to HFs. 
Slightly less than three quarters (72.3%) of all HF admissions in acute hospitals occurred for 
women (men 27.7%) during 1985–2005. (83) Overall, the percentage of women who suffer HFs 
shows an increasing trend in Canada. Osteoporosis Canada estimates that at least one in three 
women and one in every five men will suffer an osteoporotic fracture in their lifetime. (10) In 
another Canadian study, women with HFs were significantly older than men by a mean difference 
of 4.6 years and a higher percentage of women with HFs were diagnosed with osteoporosis, 
dementia, and rheumatologic diseases. (80)    
Furthermore, bone health is more often compromised among women. Marked bone loss 
with age is relatively more common in women compared to men. Complex physiological 
mechanisms, such as hormonal deprivation of estrogen in the postmenopausal state and 
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demographic variation (e.g. socioeconomic status) may exert an influence on HF risks. (84) It is 
evident that both older males and females generally manifest lower levels of calcium and vitamin 
D. (85) However, these conditions are more prevalent among females, often due to 
postmenopausal effects and hormonal influences. (86) Women tend to live longer than men and 
hence present a proportionally higher HF prevalence. Most researchers report a female: male HF 
incidence ratio of 2:1 over the age of 65. (87) 
A unique link between HF and bony structural architecture has also been reported. (88) 
Bone size tends to increase during aging, whereas cortical thickness decreases due to the fact 
that endo-cortical resorption outweighs periosteal apposition. Consequently, the bending 
strength of the tubular bones decreases significantly resulting in bone fragility. (89) Men tend to 
have comparatively bigger bones and stronger mechanical properties, even after adjustments for 
age, body weight, and body height compared to females. (90) It has been reported that the bones 
of older adult patients who have sustained HFs have been shown to possess relatively lower 
cortical thickness, lower sectional modulus of elasticity, and higher buckling ratio characteristics 
that in turn increase vulnerability to HFs. (91,92) These are the bony characteristics of older females 
who sustained fracture. For instance, women who sustained HFs were reported to have thinner 
femoral neck cortices, longer hip axes, greater neck-shaft angles, narrower femoral shafts, and 
higher acetabular widths compared with the non-fracture control group. (88) These characteristics 
possibly account for the differential epidemiology between sexes.  
As mentioned above, HFs are mainly related to the older adult population and LTCFs, 
which are primarily comprised of seniors over the age of 65, the majority of whom are female. 
One recent study of LTCF females found an association between a high prevalence of 
inflammatory blood markers and poor mobility, which also contributes in HFs. (93) Several studies 
reported relatively higher preponderance of HFs among females in LTCFs. Canadian studies from 
Ontario (11,12) and Saskatchewan (13) comparing HF IRs between LTCFs and those in community 
care revealed that higher percentages of HFs occurred among LTCF residents and were most 
prevalent among females aged 65 or older.  
 
14 
 
2.4.2 Health behaviors 
2.4.2.1 Alcohol  
Alcohol is a modifiable risk factor that has been found to be associated with osteoporotic 
HFs. (94) A higher consumption of alcohol may result in a higher probability of fractures because 
of complex biochemical phenomena involving multiple endocrinal abnormalities. (95) These 
effects may include impaired free testosterone in men, altered estradiol levels in women,(15) and 
high cortisol levels in both sexes, which are  well-known risks for HFs. (95) In addition, alcoholism 
results in poor nutritional status and pancreatic insufficiency, particularly of the exocrine type, 
resulting in malabsorption and low vitamin D levels that again render a patient more prone to 
HFs. (96) Moreover, alcohol reduces muscle control and induces confusion and memory loss with 
chronic use; such anomalies may make an individual more prone to falls, thereby indirectly 
contributing to changes in HF epidemiology. (97) 
Alcohol is additionally considered one of the highest risk factors globally for its effects and 
disease burden on the healthcare system. (94) In Canada, 4258 deaths occurred (1.9% of all 
deaths) related to alcohol abuse in 2002. (98) In 2012, $14.6 billion was spent on alcohol linked 
health problems. (99) 
Although these descriptions are for the overall population, older adults are no exception. 
It has been reported that 48% percent of older adults in Canada consume alcohol regularly. (100) 
Similar findings have revealed similar patterns among older adults elsewhere: approximately 48% 
of adults aged 65–74 years and 38% of adults 75 years of age and older in the United States 
consume alcohol regularly. (101) It has also been reported that 11% of Canadians aged 65 years or 
more exceed the recommended consumption limits. (102)  
A pan-Canadian survey indicated that 2.8% of Canadian seniors had at least one additional 
health problem related to their drinking in the year preceding the survey. It has also been 
reported that alcohol dependency was present with 6 –11% of all seniors’ hospital admission. (103)  
However, LTC-linked reports on this subject are scarce; one report provided a meager picture 
that alcohol was a related factor in about 24% of residents affected with dementia. (104) Hence, 
since alcohol plays a role in bone metabolism and may influence HF incidents, it is an important 
risk factor to consider. 
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2.4.2.2 Smoking 
Smoking is a potentially harmful yet modifiable risk associated with morbidities of various 
types and negatively affects life expectancy. In Canada, significant numbers of people smoke 
tobacco; for instance, 22% of Ontario inhabitants smoke. (104) Complex mechanisms are involved 
in smoking-related pathological changes. Nicotine inhalation in chronic smokers results in an anti-
proliferative effect in an individual’s bones. (105) It may induce altered calcium and adrenocortical 
hormonal activity resulting in bone resorption, (106) increased cortisol levels, (107) and altered 
osteoclastic activity. (108) Smoking also interferes with vitamin D and calcium absorption, in turn 
altering bone architecture, particularly in postmenopausal women. (109) It has also been found 
that among older adult smokers BMI was significantly lower relative to non-smokers for both 
men and women. (110) 
Several reports have shown similar hazard patterns of smoking amongst the adult 
population. One meta-analysis found an increased lifetime HF risk of 31% among women and 
40% among men smokers. (16) Similarly, increased risk ratios (RR) have been reported in other 
meta-analyses: among female smokers RR=1.36 and among male smokers RR=1.59, based on 
adjustments for BMI. (111) A similar pattern was revealed in another recent meta-analysis based 
on 14 prospective cohorts (RR=1.47) when comparing current smokers to those who had never 
smoked. (112) It has been reported that smoking cessation reduces the risk of HFs in men after five 
years, while the deleterious effects of smoking seem to be more long-lasting in female ex-
smokers. (113) Along the same lines, a recent meta-analysis based on ten prospective studies 
suggested that the positive impact of smoking cessation is realized after ten years from an 
individual’s cessation date but not earlier. (114) 
It is sometimes presumed that residents of LTCFs are not able to smoke because they are 
frail older adults. If one considers the significant proportion of Canadian smokers among the adult 
population, and the historic pattern of smoking several decades ago when baby boomers were 
adolescents and smoking was considered trendy, along with the prolonged response time of 
smoking cessation on HFs (explained above), it is imperative to assess the potential impact of 
smoking habits among residents in LTCFs.  
 
16 
 
2.4.3 Clinical factors  
2.4.3.1 Body mass index (BMI) 
Body mass index (BMI) is calculated by dividing an individual’s weight in kilograms by his 
or her height in meters squared. The international standard categories for BMI are shown in Table 
2.1. The World Health Organization (WHO) considers a BMI in the range of 18.5-24.9 to be healthy 
for most adults. (115)  
 
Table 2.1: Classification of BMI 
Classification BMI Category Risk of developing health problems 
Underweight (low BMI) <18.5 Increased 
Acceptable weight range (also consider 
normal BMI) 
18.5 - 24.9 Least 
Overweight (high BMI) 25.0 - 29.9 Increased 
Obese 
 Class I 
 Class II 
 Class III 
  
30.0 - 34.9 
35.0 - 39.9 
≥ 40.0 
  
High 
Very high 
Extremely high 
 
 
Older age is associated with changes in the internal milieu of the body, including an 
individual’s biochemical composition, muscle mass, and changes in hormonal responses. (116) A 
lower BMI is often a consequence of ageing, with HFs being an associated risk for those with low 
BMI. Risk of fractures when adjusted for age has been reported to be inversely proportional to a 
BMI below 25 in both sexes, with a relatively steeper association among men.(117)  
Low BMI is common in LTCFs possibly due to residents’ multiple comorbidities and frailty. 
(118) A meta-analysis, based on 20 studies comprising approximately 20,000 institutionalized 
residents, reported that a considerable proportion of residents suffered from nutritional 
problems and low BMI, particularly those with end-stage dementia and long-standing chronic 
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diseases. It also noted a more widely spread prevalence of low BMI among LTCF residents, albeit 
with significant variation in exact BMI definitions. (119) A lower BMI and correspondingly lower 
bone mineral density and their consequential link with HFs raises the importance of further 
exploration of BMI and its association with HFs in LTC settings. 
 
2.4.3.2 Diabetes mellitus  
Diabetes mellitus (DM) is a variable disorder of carbohydrate metabolism caused by a 
combination of hereditary and environmental factors and usually characterized by inadequate 
secretion or utilization of insulin. There are two types of DM (type I insulin dependent, and type 
II insulin independent) and both are related to complex endocrinological problems associated 
with metabolic disturbances in the body. (120) The association of DM (both type I and II) and HFs 
is correlated. (18,40) Diabetes associated symptoms may include visual disturbances, peripheral 
neuropathies, frequent hypoglycemic episodes, and otherwise impaired glucose levels. (121) These 
are all common complications of DM that could indirectly increase the vulnerability to HFs by 
influencing other potential risk factors, such as falls, for incurring a HF. Both type I and II DM have 
been  linked with factors that negatively influence bone strength and quality and may predispose 
an individual to HF. (122) In one recent meta-analysis (18) the association between DM and HF risks 
were similar between men and women. This  study was based on data comprising 6,995,272 
participants with DM, and 82,293 involving HFs; the resulting analysis shows a risk ratio of 2.07 
(95% CI 1.83-2.33) using a random effect model. (18) 
The incidence of HFs are reported as high among older adults with DM, particularly older 
adult women. (123) Additionally, DM is a chronic condition that incurs the risk of prolonged 
institutionalization for older adults. (124) A higher prevalence of DM in LTCFs has been reported, 
for instance, in the USA 32.8% of residents  are diagnosed to have  DM (125) and approximately 
27% in Canada(126) Since ample evidence is available showing DM is a risk factor for HF among 
community dwellers, its association may also be influential in the frail population of LTCFs in the 
Canadian setting. 
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2.4.3.3 Rheumatoid Arthritis  
Rheumatoid arthritis (RA) is an autoimmune condition associated with inflammatory 
responses within the joint spaces, leading to joint destruction and deformity, and functional 
disability. This systemic condition, under the influence of inflammatory markers, frequently 
develops into a multi-system disorder. RA in advanced age is invariably associated with increased 
mortality, more frequent hospitalizations, impaired quality of life, and/or multi-system 
involvement with compromised organ function, for instance, pulmonary, renal, and 
cardiovascular dysfunction. (127) It is often associated with osteoporosis, a factor behind HF 
occurrences, either directly due to untoward disease effect or indirectly due to its treatment 
effects e.g. steroid therapy, which is a mainstay of treatment for RA. Osteoporosis and its 
sequelae have been a matter of interest for many researchers for decades; numerous studies 
have shown an association between RA and osteoporosis. (128) 
Osteoporotic fractures, particularly HFs, are a serious entity associated with increased 
mortality and functional disability with those who have RA. A UK-based study based on 30,262 
patients with a follow up of 7.2 years revealed an incidence rate of 5.7% for HFs among RA 
patients. Furthermore, the relative risk was 2.0 (95% CI 1.8-2.3) compared to normal controls. 
Patients who were using steroid therapy had a relative risk of 3.4; 95% CI 3.0-4.0. (129) A large 
European study on HF presentations in acute care hospitals revealed 5.6% of HF incidents occur  
among RA patients, with a relative risk calculated at 3.26 (95% CI 2.26-4.70). (19) A similar trend 
was reported in another large prospective cohort study involving 47,034 RA patients followed 
over 1.6 years (median), in which the proportion of patients with RA and HFs was 1.9% and the 
relative risk for HF was 1.62 (95% CI 1.43-1.84). (130) RA is relatively common among the older 
adult population but despite this, subset information on RA related to LTCFs in Canada is scarce. 
Considering its prevalence and pathological nature, this area needs further exploration with a 
focus on LTCFs and HFs. 
 
2.4.3.4 Osteoporosis 
Osteoporosis is a metabolic condition resulting in impaired bone mineral density (BMD) 
making bones brittle and weak. The diagnosis is made by measuring BMD using dual-energy x-
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ray absorptiometry (DEXA) or bone densitometry. It is an important public health issue since a 
significant proportion of seniors are afflicted with fracture risks, which increase threefold with 
each standard deviation decrease in BMD as measured at the hip. (131) When encountering 
inadvertent falls, individuals with brittle bones due to osteoporosis are more prone to HFs. (20) 
It is estimated that 10–15% of falls result in injury, (132) among them, HF cases are 
imperative to consider since 90% of HFs are linked with low-stress trauma due to falls. (24) Impact 
on the neck of the osteoporotic femur can increase HF risks several fold. (20) Concomitant clinical 
risk factors in seniors include low vitamin D and calcium, which can also independently contribute 
and augment the risk for osteoporosis and fractures. (133) 
Approximately more than two thirds of HFs among elderly females are classified as 
fragility fractures (due to osteoporosis) despite a similar proportion of these patients never 
having been investigated and treated for osteoporosis. (134) Males are no exception to this 
dilemma, as a significant proportion of the male population is also underdiagnosed and under 
treated for osteoporosis. (135) The Osteoporosis Canada annual report 2009 revealed that the 
desired level of assessment for BMD, crucial for diagnosis, has not been achieved nationally.  For 
instance, in Alberta, only 33.5% of those over 65 had access to osteoporosis assessment, whereas 
in BC only 22.2% could access this assessment.(136) 
The IRs of osteoporosis-related fractures are up to 15.3 per 1000 person-years. (137) 
Indeed, up to 95% of women and 27% to 51% of men in LTCFs are thought to have low BMD. (138) 
In this complex medical milieu, with the higher prevalence of falls, the risk of HFs has continued 
to increase. (139) Furthermore, many of these LTCF residents have never received a formal 
assessment for this condition, resulting in higher numbers of untreated older adults. (140) This 
prevailing situation warrants the evaluation of osteoporosis and its association with HFs in LTC 
residents. 
 
2.4.3.5 Dementia 
Dementia is a clinical impairment of memory and its consequential syndromic complex 
state caused by neurodegeneration. It exists in several forms including Alzheimer’s disease (AD), 
vascular dementia, Lewy bodies dementia, frontotemporal dementia, drug-induced dementia, 
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mixed dementia, and Parkinson’s dementia. It is associated with several symptoms hallmarked 
by impaired memory and characterized by progression in general cognition, with the eventual 
loss of capability for independent living. (141) In 2010, 35.6 million people globally were living with 
dementia, and it is estimated that this figure will double in 2030. (142)  
According to the Neurological Health Charities of Canada report, in 2011, 310,000 
individuals were living with AD in Canada, and their estimated number will total 639,700 in 2031. 
(143) This formerly rare disease has become one of the top 8 diseases of priority globally (144) with 
about 5.3 million individuals with AD in the USA in 2015, among which 5.1 million were 65 years 
or older. (145) In 2010, 35.6 million people globally were living with AD and it is estimated that the 
figure will double in 2030. (142)  
The incidence of HFs is relatively higher among older adults with dementia. (146) One 
recent meta-analysis, based on six cohort studies, reported a twofold increase of HFs among 
people with AD (risk ratio of 2.18). (144) Several factors have been implicated in HF occurrences 
among those with AD and other forms of dementia with concomitant nutritional deficiencies. (146) 
For individuals with dementia, falls are most likely due to intrinsic factors related to impaired 
cognition. The possibility of an intrinsic cause of falls among older adults may be explained by a 
link between cognition and disturbed gait that may lead to falls resulting in HFs.( 147) Seniors with 
dementia can expect to consume relatively higher levels of pharmacotherapy, such as 
antipsychotics, anticholinergic, and other medications that may increase the possibility of 
postural hypotension or syncopal attacks further resulting in impaired balance and falls. (148) 
HF morbidity associated with dementia and Alzheimer’s is also higher among LTCF 
residents in Canada. In a report conducted with institutionalized older adults in Canada, the risk 
ratio for HFs for those with Alzheimer’s disease was reported as 2.18 (95% CI 1.26-3.79).(41) 
Further, recent evidence from Ontario  suggests that within 280 days of admission to a LTCF, 
there is a higher risk of HFs among residents with neurological conditions, including dementia 
and Alzheimer’s disease.(149) Statistics Canada reported the prevalence of dementia and 
Alzheimer’s disease among LTC residents in 2011-2012  was 39.8% for men aged 65–79 years, 
rising to 53.1% for men over 80 years of age; and 43% for women aged 65–79 years, rising to 
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56.8% for women over 80.(150) Therefore, consideration of these types of morbidity indices is 
important for the evaluation of HFs in LTCFs. 
 
2.4.3.6 Parkinson’s Disease  
PD is a complex neurodegenerative disorder of bodily movement, which is second in 
frequency to Alzheimer’s disease among the aged population. It is a neuro-psychiatric syndrome 
manifested by overlapping features of muscular rigidity, slowing of movement, dementia, and 
ranges from depressed mood to overwhelming psychosis and insomnia with devastating 
autonomic dysfunctions in later stages. (151) 
PD is associated with individual and societal effects, including decreased quality of life (152) 
and increased mortality,(151) increased health expenditures,(153) increased co-morbidities,(152) and 
increased pharmaceutical usage.(154) These features are more prominent among residents living 
in LTCFs.(155) A Canadian study reported an average age of Parkinson’s afflicted LTC residents of 
82.6 years, with a prevalence of 6.2% among all LTCF residents in Canada.(156) 
HFs in patients with PD is most probably due to muscle rigidity and reduced mobility  
frequently associated with falls.(157) This is further complicated by a high prevalence of low BMD 
and osteoporosis among this vulnerable population(158) affecting around 91% and 61% of women 
and men with PD respectively.(159) Similarly, the use of multiple pharmaceuticals, particularly 
neuroleptics, also raises a preponderance to HFs.(160)  
Several recent studies have reported a higher risk of HFs in PD. For instance, in a stratified 
sample comprised of 20% of US hospital admissions over approximately two decades, a total of 
3.63% HFs among PD patients was noted, with the prevalence of PD up to 4.48 times higher as 
compared to other types of morbidity after adjusting for age and sex.(161) In Taiwan, it has been 
reported that HFs occur in 10.4% of PD-afflicted patients, versus 4.1% among people without 
PD.(23) 
Many older adults with PD eventually live in LTCFs due to overwhelming disabilities. For 
instance, 10% of residents diagnosed with PD usually have multiple co-morbidities.(152) Recent 
evidence from BC has suggested  the occurrence of falls among PD residents in LTCFs is RR 1.3 
(95% CI 1.03—1.65) higher than among those without PD.(162) Although reports on HFs secondary 
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to PD in Canadian LTCFs are not available, the impact of PD may be considered an important risk 
factor for HFs in this frail population.  
 
2.4.3.7 Falls 
Falls are the leading cause of injury hospitalizations for seniors across the country, 
contributing to 9% of all emergency department visits by older adults. It is estimated that one in 
three people aged 65 and over experiences a fall each year.(139) In Canada, approximately 1.4 
million seniors fell at least once in 2005, it is estimated that in 2036, this figure will increase to 
3.3 million.(163) Falls can lead to serious injuries, reduced mobility, LTCF admission,(24) and are the 
leading cause of both fatal and non-fatal unintentional injuries among seniors.(164) It is reported 
that 0–15% of fall-oriented injuries resulted in serious injuries, including fractures and head 
injuries, and about 0.2 to 1.5 percent of falls resulted in a HF(132) of which 90% of such cases were 
linked to low-stress trauma.(24)  
In 2008-2009, the age-standardized rate of hospitalization due to falls was 15.5 per 1000 
for older adults.(165) Compared to all reasons for hospitalization among Canadian seniors, fall‐
related hospitalizations account for 7.3%, with Newfoundland having the lowest percentage 
(5.3%) and BC having the highest (8.2%). The percentage of fractures (all types) among 
hospitalization due to falls in 2008-2009 was approximately 95% in Canada and the same in 
BC.(166) 
Underlying issues that can lead to a fall include muscle weakness, vision problems, and 
side effects from medications. In some cases, cognitive impairment, including dementia and 
delirium, can increase the risk of a fall. (24) The frequency of falls is a key predictor of future 
incidents; for example, persons who had a fall within the previous month were five times more 
likely to experience another fall. Other risk factors for falls include increasing age and patients 
requiring supervision or physical guidance to walk.(45)  
Among seniors, incidents of falls are even higher, with 1.7 falls per bed per year being 
reported.(167) These incidents can be explained by individuals experiencing greater frailty, less 
independence, and more frequent chronic conditions.(168) In one study conducted on LTCF 
residents in BC, it was reported that the risk of HF was increased several-fold by falls. The same 
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study reported that separate multiple fall events are more likely among older age groups. For 
instance, 227 falls were reported involving 130 individuals (mean age 78 years).(25) Moreover, the 
fall related hospitalization rate is 3.6 times higher for LTCF residents as compared with 
community seniors.(169) The description of falls mentioned above necessitates risk assessments 
for HFs in LTCFs.  
 
2.5 Hip fractures and the environment 
2.5.1 Hip fracture in the general population 
Fracture rates are known to vary between different geographical locations worldwide.(170) 
Estimates of HF incidents in Canada have indicated variations in age-adjusted rates both within 
and between provinces.(137) Variability due to age and sex has already been established and may 
be associated with differences between and within geographical regions.(4) For instance, the 
Canadian Multicenter Osteoporosis study in 2001(171) reported variations in BMD and other risk 
factors in different regions of Canada along with different HF incidence across provinces and 
cities. Fig 2.1 shows variation in different Canadian cities.(171)  
 
 
Figure 2.1: Variability in BMD score and other risk factors in different regions of Canada  
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Similarly, falls are cited for having a strong association with geographic variations and low-
trauma fractures. The European Prospective Osteoporosis Study (EPOS) has suggested that 
variable patterns of HFs are more likely attributable to the type of fall, rather than BMD alone.(172) 
Possible sources of geographic variation include genetic variations leading to variations in upper 
body sway, fall height, and vitamin D status; variations of nutrition and lifestyle variables; and 
finally, variations in snow and ice conditions. Fall frequency appears to be a contributing factor 
to geographic fracture variations.(137) The following section reviews LTCFs from the place 
perspective. 
 
2.5.2 Hip fracture and facility size 
LTCFs are categorized based on the number of beds: small (<30), medium (31-99) and 
large (> 99). Until recently, the literature did not provide reports on HF incidence variability by 
facility size. Thorpe et al.(13) revealed that large facilities in urban locations showed lower age-
standardized IRs compared to rural areas. However, several facility-related characteristics have 
been described in the literature without the context of HFs and may be relevant to this morbidity. 
For instance, since small-sized and remotely located facilities may not have highly expert nurses 
and physicians (including specialists) circulating in the facilities around the clock, it can be 
assumed that smaller facilities may have different clinical outcomes as compared to larger state-
of-the-art facilities.(173)  
When considering LTCFs as systems, their mechanics can be seen to revolve around two 
fundamental dynamics: structural indicators and processes. These two crucial factors interplay 
individually and collectively in the health outcomes. Structural indicators consist of many 
components, including a facility’s location, size as measured by bed capacity, and the presence 
of supporting laboratories. Additionally, human resources, including physicians, clinical 
associates, nursing staff, and other supporting staff, play a significant role in residents’ health 
outcomes. However, information on the impact of these factors on health outcome is limited in 
the literature current. (174) Similarly, reports are scarce on procedural indicators about residents’ 
diagnoses, comorbidities, and multifactorial complex management procedures, preventive 
strategies, and pharmacotherapy that significantly impacts health outcomes. (175) 
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Large facilities are more likely to have better and readily available support vis-à-vis 
specialist consultation and review.  These facilities are usually equipped with more modern 
technology and are better staffed. In terms of hospital attachment, facilities that are 
amalgamated with a regional health authority, or exist as multiple sites, may have access to a 
broader range of services and, therefore, yield better outcomes.(176) Similarly, differences in 
supporting staff numbers, qualification levels, working hours, privileges, and remuneration may 
exist between the large LTCFs located in metropolitan cities and small-isolated rural facilities. It 
has been reported that such differences may result in limitations to clinical assessments and 
diagnostic evaluations, resulting in compromised clinical outcomes.(177) 
Recent Canadian research(178) focused on failures in combating potentially avoidable 
conditions within LTCFs. The report revealed that factors such as services and diagnostic 
capacities may ameliorate potentially avoidable hospitalizations. For example, up to 37% of 
hospitalizations among LTCF residents can be ascribed to such deficiencies. HFs accounted for 
28% of preventable hospital admissions.(178) Therefore, such facility related factors could be 
important in HF morbidity. The epidemiology of HFs from the facility size perspective has not yet 
been assessed. However, given that facility size may affect the characteristics of care provided to 
LTCF residents, further evaluation of HFs by facility size is warranted. 
 
2.5.3 Hip fracture by health region 
One Canadian report showed variable IRs in different health regions within a province. In 
Saskatchewan, IRs for HFs were slightly varied between health regions from 41.96 to 75.24 
fractures/per 1000 person years.(13) The rest of the provinces, including BC, do not have any 
reports published yet. In BC, LTCFs are established in all five health regions (i.e., Interior Health, 
Fraser Health, Vancouver Coastal Health, Vancouver Island Health, and Northern Health). 
Considering the variation of HFs in terms of the location of the BC health regions is also needed. 
 
2.5.4 Hip fracture by rural/urban location 
In the context of geographical variation in HF epidemiology, various published reports 
have described rural and urban differences. Predominantly, urban settings have shown higher 
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IRs of HFs than rural settings. (26,27) Aside from HFs, differences in healthcare treatment outcomes 
(e.g., better in urban settings due to secondary-tertiary hospital availability) between rural and 
urban settings have been discussed, which would presumably hold importance for HFs. (173,179)      
Generally, urban settings have higher reported IRs for HFs than rural settings,(28,180) 
however, several studies showed contradictory patterns. For example, one study reported a 
higher HF incidence in the urban areas, compared to rural areas in Sweden, (181)  but another study 
from the same Scandinavian country reported no difference. (182) A nine-year prospective cohort 
study in Poland revealed a significantly and relatively lower urban HF rate. (183) Whereas, in Iran, 
the reported incidences of HFs in urban areas were higher than that of rural areas. (184) Hong Kong 
showed similar results, with HFs being more common in urban areas, whereas in Shanghai, HFs 
are not as common.(185) In contrast, urban Taiwan has been estimated to possess Asia’s third 
highest HF rate among all urban areas studied. (186) These variations in urban versus rural areas 
may be ascribed to different methodologies, recruitment criteria, and/or differences in 
characteristics of the study populations i.e. differences in BMD in urban-rural area. (187)  
Regarding rural-urban locations and LTCFs there is only one study from Saskatchewan 
that reported HF IRs at the provincial level. (13) This study revealed that standardized HF rates for 
males and females were lowest in urban settings, but age and sex-stratified HF rates were similar 
across urban and rural settings, with the exception of females aged 90 or over, where rates were 
higher in urban areas and lower in rural areas.  
In conclusion, given the wide array of evidence detailing the link between older adults 
and HFs, this study has decided to focus on LTCFs in BC, where a significant number of older 
adults are residing in LTCFs. Hence, the evaluation of HF IRs and their association with risk 
factors will add beneficial information for the Canadian LTCFs. 
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CHAPTER 3 
3.0 Methodology  
In this chapter, the data sources and study population are described, followed by details 
regarding the variables measured and the statistical analyses conducted, the latter organized 
according to research question.  
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3.1 Data sources and study population  
The data for this study was obtained through two data sources compiled by the Canadian 
Institute for Health Information (CIHI):  
1.   The CIHI-Discharged Abstract Database (CIHI-DAD); and 
2. The Continuing Care Reporting System (CCRS) that keeps information provided by LTCFs 
of BC recorded by the standard protocol of Resident Assessment Instrument–Minimum 
Data Set 2.0 (RAI-MDS 2.0). 
The CIHI-Discharged Abstract Database (CIHI-DAD) is a Canadian national database that 
stores information on all international classifications of diseases in Canada (ICD-10-CA), with 
coded entities from acute care institutions in Canada, including discharges. This data has been 
validated for HF morbidity.(188) The CCRS contains demographic and clinical information for 
residents as well as LTCF related information, including the number of beds in each facility and 
facility location.(189) Resident information stored in the CCRS is collected using the Resident 
Assessment Instrument–Minimum Data Set 2.0 (RAI-MDS 2.0).(190) The first assessment using the 
RAI-MDS 2.0 is conducted when an individual is first admitted into a LTCF and is then assessed 
every three months. Residents’ information for co-morbidities in the RAI-MDS 2.0 is available 
only in the form of “Yes” or “No”; no information is available on disease stage or severity.  In BC, 
the CCRS database typically contains LTCF data and, unlike other provinces in Canada, does not 
contain the number of LTCF beds situated within acute care facilities or within hospitals.(191) 
Considerable evidence attests to the reliability and validity of RAI-MDS 2.0 in Canada.(192) These 
datasets were linked using an encrypted residents’ ID number and various inclusion/exclusion 
criteria were applied to create a study population (Figure 3.1). 
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Figure 3.1: Flowchart of steps for cohort selection of residents of LTCFs in BC     
Total number of residents living in LTCFs in BC with or 
without RAI-MDS 2.0 assessments during the study period 
1 Jan 2010 to 31 Dec 2014: N=60,035 
 
 
 
Final number of residents selected: 33,739 
 
 
 
Individuals with HF before start of participation: 2,754.          
Number of residents with incorrect gender code, invalid 
facility size, and outliers in height (over 2.3 m and less 
than 1.0 m) and weight (over 200 kg), and those 
transferred to another facility or home: 2,160 
Total= 4,914 Excluded 
Individuals who become age 65 and lived in LTCFs on or 
after 1 Jan 2010 and before 31 Dec 2014, and had at least 
one RAI_MDS 2.0 assessment during their participation: 
38,653 
 
 
 
 
 
Individuals who became age 65 during the study period 
and did not have any RAI-MDS 2.0 assessments during 
their participation: 2,604 Excluded 
Number of individuals who became age 65 or started 
residing in LTCFs after 1 Jan 2010: 41,257 
Number of individuals who were aged 65 or over and 
were residing in LTCFs before 1 Jan 2010: 18,778 
Excluded 
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The inclusion criteria for this study included being a resident in a BC LTCF between January 
01, 2010 to December 31, 2014, with the age of admission being 65 years or older during the 
study period, sex recorded as male/female, and at least one RAI-MDS 2.0 follow-up assessment 
available. To obtain residents’ demographic and clinical information, the most recent RAI-MDS 
2.0 assessment was used. 
The exclusion criteria included residents with unclear age/sex specifications, with dual 
entry or unavailable assessment data, younger than 65 years of age throughout the study period, 
with no initial or follow-up RAI-MDS 2.0 assessment, or with a history of HFs before the study 
start date, and/or other HFs (if any) followed by one during the study period. The residents 
transferred to another facility or to home were also excluded. The final cohort for this study 
included 33,739 older adults who entered one of 305 LTCFs located in the province of BC, Canada 
from January 01, 2010 to December 31, 2014. The data provides an admission date and a 
discharge date (i.e., discharge equals death). Residents transferred to other LTCFs or to their 
homes were excluded from the analyses.  
Given that this study used publicly available CIHI data, it was deemed as exempt from the 
requirement of Research Ethics Board review and approval according to article 2.2 of the Tri-
Council Policy Statement (TCPS).  
 
3.2 Study Variables 
3.2.1 Dependent variable 
Hip fracture events were identified from CIHI-DAD data, categorized according to the 
International Classification of Diseases, 10th Revision, Canada (ICD-10) code S72.0, S721 or 
S72.2(193) between January 1, 2010 and December 31, 2014; the first event of HF was defined as 
the first dated record of HF occurring post LTC entry for an individual within the study period. 
Only first HF events were considered and combined with appropriate denominators to estimate 
hip fracture incident rates (research question 1) and used as a dichotomous dependent variable 
(yes, no) in logistic regression analyses (research question 2).   
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3.2.2 Independent variables 
Independent variables were used to provide strata-specific estimates of the incidence of 
HFs (research question 1) and/or as predictors of incident HFs in multiple logistic regression 
analysis (research question 2).  Person variables included age (65-79 years, 80-89 years, ≥90) and 
sex (female, male). Three variables were used to represent place: LTC facility size (small: less than 
30 beds, medium: 31-99 beds, large: >99); BC health region (interior, Fraser, Vancouver Coastal, 
Vancouver Island, Northern); and LTC facility location (urban, rural). Urban was defined as having 
a population of at least 1,000 and a density of 400 or more people per square kilometer; areas 
outside an urban area were classified as rural, which may include mid and large size towns with 
a population density of <400/kilometer. (194) This Statistics Canada definition of rural-urban 
location has been widely used (194) including in the CCRS. (191) Time was represented by 5 one-year 
time intervals (2010-2014).  
 
Additional independent variables based on initial RAI-MDS 2.0 assessments were also 
assessed. Health behaviors included current smoking (yes/no) and current alcohol consumption 
(yes/no). BMI was categorized as underweight (less than 18.5 kg/m2), normal (18.5 kg/m2-
25kg/m2), overweight (25 kg/m2 - 30 kg/m2), and obese (over 30 kg/m2). Current comorbidities 
assessed (yes/no) were diabetes mellitus (DM), rheumatoid arthritis (RA), osteoporosis, 
dementia, and Parkinson’s disease (PD). Two measurements of physical falls were also 
considered: (i) having fallen within the last month prior to a HF event (yes/no), and (ii) having 
fallen during the last six months (yes/no; excluding first 30 days prior to a HF event). The 
information was retrieved electronically from the CCRS data using the International Classification 
of Diseases, 10th Revision, Canada (ICD-10) codes for all independent variables. 
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3.3 Statistical analysis 
All analyses were performed with SAS 9.4.(195) Initial descriptive statistics involved 
determining the overall frequency distribution of study variables, followed by a series of chi-
square analyses examining the distribution of variables by HF presence/absence.(196)  
To address the first research question, the crude HF rate was calculated, and then 
stratified HF rates were calculated by age, sex, place, and time. The HF IR was defined as the ratio 
of the number of people who experience HFs to the total person-years of follow-up. The stratified 
IRs utilized the same ratio but limited the numerator and denominator to the strata-specific 
numbers under consideration. For example, the sex-stratified HF IR for males was calculated as 
the ratio of the number of HFs among males to the person-years of follow-up for males.   
A series of binary logistic regression analyses were conducted (196) to answer the second 
research question. In the first stage, univariate logistic regressions were applied with each risk 
factor as an independent variable and HF as the dependent variable; variables with a p-value of 
<=0.25 were retained for additional consideration. In the second stage, variables meeting the 
criteria were simultaneously entered into the analysis; variables with the highest p-value were 
removed one at a time, and the analysis repeated with the newly reduced set of variables. This 
iterative process was repeated until only risk factors with p-values < 0.05 remained in the model. 
In the third stage, all potential 2-way interactions were examined; each interaction was added to 
the model one at a time, with the intention of retaining any with a p <0.05.  In the final modeling 
stage, variables previously excluded were entered again one at a time to assess for potential 
confounding. Finally goodness-of-fit was assessed with the Hosmer-Lemeshow calibration 
method and multicollinearity was investigated by examining Variance Inflation Factor (VIF) 
values. (197)  
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CHAPTER 4 
4.0 Results  
The chapter begins with initial descriptive results, focusing initially on the overall 
distribution of study participants according to person, place, and time variables. The incidence of 
hip fracture stratified by person, place, time, health behaviors, and clinical conditions is then 
presented.  In the remainder of the chapter, results are shown according to the research 
questions. 
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4.1 Sample characteristics 
Overall, 1,897 LTCF residents (6%) out of a sample cohort of 33,739 (100%) experienced 
HFs during the study period (2010–2014). The median time to initial HF events after entering a   
LTCF was 0.83 (95% CI: 0.77-0.89) years. There was no loss to follow-up as residents transferred 
to other LTCFs or to homes were excluded from the sample in this study (Fig 3.1). 
Table 4.1 shows the frequency distribution of participants by person, place, and time 
characteristics and by health behaviors and various clinical measures in Table 4.2. Approximately 
20% of seniors entered the cohort in each year of the study, the majority being female (62%), 
and 80 years of age or older (74%).  The vast majority of participants resided in urban settings in 
large or medium size facilities.  The greatest proportion of residents were situated in the Fraser 
Health region (29%) and the lowest proportion (4%) in the Northern Health region. Very low 
proportions of the cohort were current smokers or alcohol drinkers, and just over one-half had a 
normal BMI. The most prevalent clinical condition was dementia (63%), followed by rheumatoid 
arthritis (30%), diabetes (21%) and osteoporosis (18%), An equal proportion of participants had 
fallen in the last month or the last six months prior to a hip fracture event (19%).  
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Table 4.1: Frequency distribution of study cohort across time, person, and place risk factors 
Variable  Category           Number Percent 
 
Time  Years 2010 6809 19.9 
2011 6859 20.1 
2012 6786 19.9 
2013 6948 20.3 
2014 6770 19.8 
Person Age groups 65-79 years 8813 25.8 
 80-89 years 16463 48.2 
 >=90 years 8896 26.0 
Sex Female 21030 61.5 
 Male 13142 38.5 
Place Facility size 
 
 
Large 19688 57.6 
Medium 13809 40.4 
Small 671 2.0 
 
Health region 
 
 
 
 
Location 
 
 Interior Health  7803 23.1 
Fraser Health 9837 29.1 
Vancouver Coastal Health 7411 21.9 
Vancouver Island Health 7482 22.0 
Northern Health 1304 3.9 
 Rural 3738 10.9 
Urban 27059 79.2 
Missing 3375 9.9 
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Table 4.2: Frequency distribution of study cohort by health behaviors and clinical risk factors 
Variable  Category Number Percent 
 
Health 
behavior 
Current smoking Yes 1066 3.1 
No 
Missing 
29398 
3708 
86.0 
10.9 
Current alcohol 
consumption 
Yes 37 0.1 
No 34135 99.9 
Clinical 
 
 
 
 
 
 
BMI Under weight  4116 12.0 
Normal  17502 51.2 
Over-weight  8329 24.4 
Obese  4225 12.4 
Diabetes (DM) Yes 7161 21.0 
No 27011 79.0 
Rheumatoid Arthritis 
(RA) 
Yes 9840 29.8 
No 23142 70.2 
Osteoporosis Yes 6023 18.3 
No 26959 81.7 
Dementia Yes 21070 62.7 
No 12523 37.3 
Parkinson’s disease 
(PD) 
Yes 2005 6.1 
No 30977 93.9 
Fall in the last 30 days 
before hip fracture 
event 
Yes 6518 19.1 
No 27654 80.9 
Fall in the last 6 
months (excluding first 
30 days) before hip 
fracture event 
Yes 6535 19.1 
No 27637 80.9 
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Table 4.3 shows bivariate associations between hip fracture and various independent 
variables.  HF was associated with female sex, older age, and residing in a medium/small facility. 
There were no statistically significant associations of hip fracture with health region, current 
smoking, or current alcohol use.  
Table 4.3: Frequency distribution of hip fracture stratified by demographic, geographical, and  
behavioral risk factors 
Variables  
Hip fracture  
No 
Hip fracture 
Yes 
  p-value 
  N            %   N  %  
Age 65‐79 8436 95.7 377 4.3 <.0001 
 80‐89 15431 93.7 1032 6.3  
 >=90 8391 94.3 505 5.7  
Sex Female 19656 93.5 1374 6.5 <.0001 
 Male 12602 95.9 540 4.1  
Facility Size 
Large 18649 94.7 1039 5.3 
0.0047 Medium 12972 93.9 837 6.1 
Small 633 94.3 38 5.7 
Health Region 
Interior Health 7362 94.3 441 5.7  
 
0.3904 
Fraser Health 9299 94.5 538 5.5 
Vancouver Coastal Health 7010 94.6 401 5.4 
Vancouver Island Health 7050 94.2 432 5.8 
Northern Health 1219 93.5 85 6.5 
Location 
 
Rural 3257 94.4 211 5.6  
0.0047 Urban 25564 94.5 1495 5.5 
Missing 3167 93.8 208 6.2 
Current smoking Yes 1012 94.9 54 5.1 0.4799 
 No 27737 94.3 1661 5.7 
 Missing 3509 94.6 199 5.4  
0.4430 Current alcohol  Yes 36 97.3 1 2.7 
 No 32222 99.9 1 .002 
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Table 4.4 shows that lower BMI and a diagnosis of diabetes were associated with a lower 
risk of HF, whereas a diagnosis of osteoporosis, dementia, or a fall in the last month were 
associated with an increased risk. No relationship emerged between HF and rheumatoid arthritis, 
Parkinson’s disease, or a fall in the last 6 months.  
Table 4.4: Hip fracture frequency distribution stratified by individual clinical risk factors. 
Variables  
Hip fracture 
No 
Hip fracture 
Yes 
   p-value 
  N           %   N %  
Clinical       
BMI Under weight 3850 93.5 266 6.5 < 0.0001 
 Normal 16385 93.6 1117 6.4 
 Over‐weight 7943 95.4 386 4.6 
 Obese 4080 96.6 145 3.4 
Diabetes Yes 6833 95.4 328 4.6 < 0.0001 
  No 25425 94.1 1586 5.9 
Rheumatoid arthritis Yes 9310 94.6 530 5.4  0.2774 
 No 21826 94.3 1316 5.7 
Osteoporosis Yes 5625 93.4 398 6.6  0.0002 
  No 25511 94.6 1448 5.4 
Dementia 
Yes 19694 93.5 1376 6.5 < 0.0001 
No 12019 96.0 504 4.0 
Parkinson’s disease 
Yes 1902 94.9 103 5.1  0.3553 
No 29234 93.9 1743 5.6 
Fall in the last month (30 
days) prior to hip fracture 
event) 
Yes 6112 93.8 406 6.2  0.0143 
No 26146 94.6 1508 5.4 
Fall in last 6 months 
(excluding first 30 days prior 
to hip fracture event) 
yes 6182 94.6 353 5.4  0.4357 
No 26076 93.9 1561 5.6 
Total study subjects (N=33,739) 
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4.2 Research question one  
What is the incidence of hip fracture for residents aged 65 years and older living in LTCFs 
in BC, Canada, patterned by time (2010-2014), person-level factors, and place? 
 
4.2.1 Crude and stratified incidence rates  
The crude HF IR over the five-year period was 3418/100,000 person-years. As illustrated in Figure 
4.1, there was a general downward trend in the incidence of HFs when stratified by study period, 
with incidences ranging from 3850.5/100,000 person-years in 2010 to 3146.4/100,000 person- 
years by 2014.  
 
Fig 4.1:  Temporal trend of crude hip fracture incidence rate 
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The incidence of hip fracture increased with age and was higher in females compared to males 
(Table 4.5). Regarding place characteristics, incidence rates were highest in medium size facilities 
and in rural regions compared to urban regions.  
 
Table 4.5: Hip Fracture incidence rates by age, sex, facility size, and rural/urban location 
Variables Levels Hip 
fractures 
Person-Years Incidence 
rate 
Person                   Age 
 65-79 years 329 13901.6 2366.6 
80-89 years 982 26369.6 3723.9 
 
                  
                                Sex 
>=90 years 
 
586 15224.3 3849.0 
Female 1365 35710.9 3822.3 
Male 532 19784.8 2688.9 
Facility size 
 
Large 1024 31730.0 3227.2 
Medium 835 22558.3 3701.5 
Small 
Health regions 
38 1207.4 3147.1 
Health Region Interior Health 441 11797.7 3738.0 
Fraser Health 538 17755.7 3030.0 
Vancouver Coastal 
Health 
401 12441.8 3223.0 
Vancouver Island 
Health 
432 11398.4 3790.0 
Northern Health 
Rural-urban 
85 2412 3524.0 
Location Rural 210 5688.7 3692.0 
Urban 1480 43760.7 3382.0 
Missing* 207 6046.3 3423.5 
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Figure 4.2 displays incidence rates by health region. The highest HF incidence rate was reported 
in the Vancouver Island Health Authority and the lowest in the Fraser Health Authority.  
 
Figure 4.2: Hip fracture incidence rate across BC health regions  
 
The remaining statistics in this section describe HF incidence rates stratified by a 
combination of person, place, and time characteristics.  
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Females showed a higher HF IR compared to males during each study period and in all 
three age groups, with the exception of 65-79 year olds in 2010. (Fig 4.3). Focusing on time trends 
(Figure 4.3), females in the youngest age group showed a fluctuating pattern starting from 
2283/100,000-person years in 2010, rising to 3409/100,000-person years in 2011, followed by a 
return down to baseline, only to rise again in 2014. In contrast, 65-79 year old males showed a 
steady downward trend in IRs between 2010 and 2014.  
Females 80-89 years of age and those in the eldest age group showed approximately 
similar IRs from 2010–2014 (just above or below 4000/100,000 person years). Conversely, IRs in 
males in these two age groups fluctuated. For instance, males aged 80-89 years showed IRs of 
approximately 4200/100,000-person years in 2010, followed by a significant decline to 
approximately 2700/100,000 person years in 2014. However, males in the eldest age group (>=90 
years) showed a dramatic increase from 2100/100,000 person years in 2010 to >4600/100,000 
person years in 2011, followed by the steady downward pattern just below or above 
3000/100,000 person-years.  
  
Figure 4.3: Hip fracture incidence rate stratified by year, age and sex 
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Figure 4.4 displays HF IRs stratified by facility size, rural/urban location, and age. In large 
size facilities among those 65-79 years of age, both rural and urban localities displayed IRs at 
2500/100,000 person years or less, which were lower than the other age groups. For rural 
dwellers aged 80-89 years of age, the IR was considerably higher than their urban counterparts.   
In medium size facilities (Figure 4.4), the lowest IRs were observed among those 65-79 
years old in rural areas, followed by urban areas.  Among those 80-89 years old in medium size 
facilities, HF IRs were also lower in rural than urban facilities; however, among residents 90 years 
and older residing in medium size facilities, HF IRs were greater in rural settings compared with 
urban ones.  
In small size facilities (Figure 4.4), the youngest age groups showed the lowest IRs. Of all 
groups, the highest HF IR was reported in those age 90+years, residing in small facilities located 
in rural BC. Among those in small facilities, HF IRs were lower in urban dwellers compared to rural 
across all age categories.  
 
Figure 4.4: Hip fracture incidence rate stratified by age, rural-urban status, and facility size 
 
 
44 
 
Shown in Figure 4.5 are HF IRs stratified by sex, facility size, and rural/urban location.  
Females had a higher HF IR than males, regardless of LTCF size and geographic location.  Among 
females in large and small size facilities, HF IRs were higher in rural locations than urban, whereas 
among those in medium facilities, HF rates did not vary substantially by urban/rural status. In 
males (Figure 4.5), the facility size-specific HF IRs did not vary substantially by urban/rural status.   
 
Figure 4.5: Hip fracture incidence rate stratified by sex, rural-urban status, and facility size 
L=large, M=medium, S=small 
 
4.3 Research Question Two  
What person-level factors (age, sex), health behaviors (smoking and alcohol 
consumption), place factors (facility size, rural-urban locations, and health regions), and clinical 
factors (e.g., BMI, DM, RA, osteoporosis, dementia, PD, and falls) are associated with HFs in adults 
aged 65 years and older living in LTCFs in BC, Canada? 
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4.3.1 Logistic regression results 
Table 4.6 exhibits the results of the unadjusted bivariate regression analyses. The 
following variables met the p<=0.25 criteria for multivariable modeling: age, sex, BMI, diabetes, 
osteoporosis, dementia, and falls in the last six months.  
Table 4.6: Results of bivariate logistic regression analyses 
 
Variable 
 
 OR 95%CI P value 
Person     
Age 80-89 vs 65-79 1.30 1.132, 1.482 0.0002 
 
Sex 
>=90 vs 65-79 
Female vs male 
1.50 
1.62 
1.329, 1.684 
1.464, 1.788 
<.0001 
<.0001 
Level of significance = <0.25. OR: odds ratio, CI: Confidence interval. 
Place 
Facility Size 
Large vs small 0.96 0.691, 1.336 0.8126 
Medium vs small 1.10 0.794, 1.539 0.5518 
Health behavior 
Current smoking No Info vs non‐Smoker 0.95 0.815, 1.105 0.5021 
Current Alcohol  
Smoker vs non‐Smoker 0.91 0.699, 1.198 0.5187 
Yes vs No 0.44 0.06, 3.196 0.4157 
Clinical 
BMI Under weight vs Obese 2.01 1.638, 2.469 <.0001 
 
Normal vs Obese 1.96 1.647, 2.34 <.0001 
Over‐weight vs Obese 1.43 1.178, 1.731 0.0003 
 
Diabetes Yes vs No 0.78 0.692, 0.878 <.0001 
Rheumatoid Arthritis Yes vs No 0.95 0.858, 1.051 0.3203 
Osteoporosis Yes vs No 1.23 1.104, 1.383 0.0002 
Dementia Yes vs No 1.31 1.197, 1.436 <.0001 
Parkinson’s Yes vs No 0.88 0.722, 1.082 0.2333 
Fall in the last month (30 
days) prior to hip fracture 
Yes vs No 
 
1.15 
 
1.027, 1.282 
 
0.0153 
Fall in the last six months 
(excluding 30 days prior to 
hip fracture) 
Yes vs No 
 
0.94 
 
0.838, 1.059 
 
0.3200 
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Table 4.7 displays the final adjusted multivariable model, showing a higher risk of HF to be 
associated with older age (90+yrs vs 65-79yrs), female sex, an underweight, normal weight, or 
over weight BMI compared to obese, a diagnosis of dementia, and having fallen in the last month. 
No statistically significant interactions were found. Inspection of the variance inflation factors 
indicated that multicollinearity was not an issue in this data. The results of the Hosmer-
Lemeshow test indicated a good fit between the data and model.  
Table 4.7: Results of multivariate logistic regression analyses  
 
 
  
 
 
 
 
 
Variable Level 
Odds 
ratio 
95% 
Confidence 
interval 
 
P value 
 
Person 
Age 
 
Sex 
80‐89 vs 65‐79 1.14 0.989, 1,308 0.0709 
>=90 vs 65‐79 
Female vs male 
1.34 
1.61 
1.182 1.508 
1.449, 1.782 
<.0001 
<.0001 
Clinical 
BMI 
Under weight vs Obese 1.81 1.465, 2.227 <.0001 
Normal vs Obese 1.82 1.522, 2.175 <.0001 
Over‐weight vs Obese 1.36 1.118, 1.653 0.0021 
 
Dementia Yes, vs No 1.46 1.326, 1.616 <.0001 
Fall in the last month (30     
days) prior to hip fracture 
event 
Yes, vs No 
 
1.15 
 
1.028, 1.289 
 
0.0147 
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CHAPTER 5 
5.0 Discussion 
     In this chapter, the results of the study are summarized and integrated with the current 
research literature and organized primarily according to the research questions.  The last part of 
this chapter discusses study strengths and limitations, followed by future recommendations to 
enhance understanding of HFs in Canadian LTCFs. 
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5.1 Proportion of study population with hip fracture  
In the current study, 6.0% of LTCF residents experienced a HF during the five year study 
period, which is slightly lower than the 7.3% recently reported in a Saskatchewan study(13) 
Although the study period for the Saskatchewan study (2008–2012) was similar to this study, 
there were some methodological differences that may explain the discrepancy.  For example, the 
Saskatchewan study included participants under the age of 65 years, included both community 
and LTCF dwelling adults, used a different method of calculating incidence, and used provincially 
administered databases.(13) In contrast, the current study restricted participants to age 65 years 
and older, was conducted solely with LTCF residents, and utilized data from CIHI-DAD and CCRS. 
In addition, the method used for calculating IRs in this study was standardized; that is, person-
years was calculated by following a resident from the first day of the enrolment each year until 
the last day of the year. 
Similar studies beyond Canada have also reported varying HF IRs. For example, a study 
from the United States reported 3.3% of residents in nursing homes acquired HFs. (198) The lower 
proportion in this study may be due to the exclusion of residents who stayed for less than 100 
days; there is evidence suggesting that the risk of HFs is highest  in the early days of admission to 
LTCFs.(149) However, the results of this study are consistent with two other non-Canadian studies 
that reported a HF incidence of 6% and 6.2%, from the United States(52) and Germany(168) 
respectively. The results of these studies are comparable to the current study, which is possibly 
due to the similar criteria of inclusion of residents from the first day of entry in the LTCF.  
5.2 Temporal trends in hip fracture 
In this study, the results showed an overall 18% decrement in HF IRs between 2010 and 
2014, with an average annual percentage decrease of 3.6%. There is only one study (other than 
the present study), conducted in Ontario, that has reported time trends of HFs in LTCFs.(12)  
However, a number of methodological differences are present between this study and the 
Ontario one. The Ontario study analyzed both community and LTCF populations and included 
only osteoporotic fractures, with several other bony fractures (vertebral, wrist etc.), (12) whereas 
the current study analysed only HFs (first event only) among those with osteoporosis and/or 
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other co-morbidity as well.  Despite such differences, some similarities were observed in the 
Ontario study when comparison was restricted to LTCF residents.(12) More specifically, the 
Ontario study  showed an overall downward trend in HF IRs between 2002 and 2012 with a similar 
in magnitude to this study; that is, the age-sex standardized IR of 267 per 10,000 person-years in 
2002 declined to <196 per 10,000 person-years in 2012, with the average annual percentage 
decreasing by 3.49%. However, the HF IR reported in the Ontario study was lower than that 
reported here. (12) Variation in HF IRs could possibly be explained by differences in data sources 
and inclusion criteria. Regarding the latter, only 18% of LTCF residents in this study had a 
confirmed diagnosis of osteoporosis, whereas, all participants were osteoporotic in the Ontario 
study.   Therefore, the comparatively higher IR in the current study may be due to the inclusion 
of all other causes of HFs in LTCFs not just those specific to osteoporosis.  
The current study revealed a more nuanced picture of the HF time trends when stratified 
by age and sex. Over time, HF IRs steadily decreased but remained higher in females compared 
to males. Overall, HFs were lower in 65-79 years old residents than in the other two age groups. 
Females in the two older age groups showed a less pronounced decrease over time. On the other 
hand, male residents in these two age groups generally showed a lower incidence of HFs and an 
accelerated downward trend. The Ontario study (12) showed a comparable downward time trend 
by sex. Unfortunately, their results were not stratified by age group and, thus, cannot be fully 
compared with the results of the present study.  The observed decreasing HF IRs over time in this 
study and in the one from Ontario are consistent with other Canadian studies of HFs among 
community dwelling older adults.(42,83) 
5.2.1 The rationale for the decreasing hip fracture incidence rate over time 
Numerous factors may contribute to decreasing HF IRs over time.  These factors include 
rapidly changing advancements and innovations in health care management,(51,53) enhanced 
avoidable risk prevention techniques, improved staff education, enhanced modification of the 
physical environment,(53,54) and the application of hip protectors.(55) There have also been 
improvements to the therapeutic efficacy of bisphosphonates and supplementation programs 
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for calcium and vitamin D.(56) Finally, reductions in alcohol consumption,(60) smoking,(59) and 
improvements in osteoporosis management(56,199) may also contribute to decreasing trends. 
5.3 Hip fracture by place characteristics 
Rural-urban location and facility size are factors introduced only recently into research on 
HFs in LTCF populations. The current study reported an overall lower incidence of HFs in urban 
locations compared to rural.  It is important to note that TTs were not evaluated simultaneously 
by place, age, and sex due to the low proportions of rural (11%) and small size facilities (2%) and 
the 10% missing data.  
In the current study, HF IRs by age, facility location (rural-urban), and facility size exhibited 
both similarities and differences. In the youngest age group, the overall IR was lower compared 
to the other two age groups regardless of sex, and IRs were slightly lower in urban areas 
regardless of facility size. In general, the two older age groups showed comparable rates in all 
facility sizes, with the exception of large size rural facilities in the 80-89 group and small size rural 
facilities in the >=90 age group. Overall, this pattern showed the leveling of HF IRs after 80 years 
of age. Lower  IRs in the younger ages might be due to the influence of better health status, the 
absence of frailty, and better mobility, in addition to a lower prevalence of risk-prone morbidities 
such as dementia and falls.(199) The pioneering study on this topic from Saskatchewan(13) reported 
a slightly higher IR in 65–79 year old adults in rural areas, as compared to urban dwellers in 
medium and large size facilities. For residents in the 80-89 and >=90 years age groups, lower rates 
were observed in rural facilities, with rates gradually increasing due to increases in age and size 
of facilities in urban areas. In contrast, the current study showed overall higher rates in all facility 
sizes and age groups in rural locations compared to urban.  
In this study, higher HF IRs were observed among females across all rural-urban locations 
and facility sizes compared to males. In all three facility sizes, male residents exhibited similar 
rates by rural-urban location, whereas female residents exhibited similar rates in medium size 
facilities for both locations. In contrast, the highest rates were seen in small rural facilities and 
the lowest rates in small urban areas, while large rural faculties showed higher rates compared 
to large urban facilities for females.  In the study from Saskatchewan(13) females in rural facilities 
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exhibited higher IRs than those in medium and large size urban facilities, with the exception of 
>=90 years old males, who exhibited higher IRs. By increasing age and facility size, all individuals 
were getting higher IRs in both rural-urban locations. Discrepant findings may be due to a number 
of methodological differences between the two studies. In the Saskatchewan study, there was 
no stratification by facility size within rural settings (i.e., rural represented a single facility size 
while urban represented medium and large). In contrast, the current study represented three 
sizes of facilities for both urban and rural locations. Other possible reasons are the inclusion of a 
second fracture in the Saskatchewan study, differences in the calculation of person-years, and 
different definitions of rural-urban area. Regarding the latter, in contrast to the present study, 
the Saskatchewan study operationalized rural/urban status based on the 2016 population centre 
approach. (13)  
Why might facility size and urban/rural location impact HF IRs? Urban facilities may have 
lower rates due to better infrastructure, availability of specialists, staff expertise, and greater 
availability of preventive measures (e.g., prescriptions for bisphosphonates, vitamin D and 
calcium supplementation). (200) Helena Temkin et al (173) examined the performance of rural-urban 
facilities by constructing an ecological model based on three types of factors: individual, 
organizational, and environmental (e.g., geographic location of the facilities and availability of 
services). These authors found that health outcomes were generally better in the urban facilities. 
The same report also revealed  that people in rural areas may be less privileged than their urban 
counterparts, which in turn may influence HF IRs.(173)  Other possible explanations may include 
differences in population characteristics that exist between geographical locations(137) availability 
of health care services, numbers of staff members, and differences in their educational 
background and expertise.(173,199) Also, LTCFs can be viewed as a system that revolves around two 
fundamental dynamics: 1) structural indicators (e.g., staff ratios, room size, and availability of 
equipment); and 2) processes (e.g. patient management with respect to screening, evaluation, 
and treatment). These two crucial factors may impact health care management and  outcomes 
individually and collectively.(174) Also, the number and expertise of human resources, including 
physicians, clinical associates, nursing staff, and other supporting staff  plays a significant role in 
the health outcome of the residents.(178,201) Measuring and monitoring these factors in LTCFs, 
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although important, is a daunting task, given the complexity of retrieving and analysing 
information for such a large cohort as in the current study. Future research should employ 
methods of data collection (e.g., questionnaires sent to individual facilities) in addition to RAI-
MDS based CCRS data to provide a more comprehensive and detailed listing of potential 
exposures.   
Differences in study design, study population, types of data, inclusion-exclusion criteria, 
and other factors may also have resulted in differing results between this study and previous 
research. Further, the urban-rural status for each resident in the current study was based on 
location of the LTCF, as opposed to the resident’s actual residence before admission to the 
facility. It is important to note that the median stay of residents was 0.8 years in the current study 
and, in general, it is typically no longer than 2 to 3 years in LTCFs.(202)  Therefore, the effect of 
rural-urban location on their overall health could have been limited if they grew up in a rural 
location but, at the time of the study, were residing in an urban LTCF or vice versa. It is important 
to note the data used in the present study are publicly available and, therefore, to protect the 
confidentiality of study participants, residence information was not made available in the CCRS.  
5.3.1 Hip fracture by health region 
The Northern health region in BC is the largest, most remote, and bears the harshest 
weather. The Vancouver Coastal and Vancouver Island health regions, along with the Fraser 
region, are situated around the coastal area and have a more or less similar geographical 
environment.  The Interior health region is the second largest and is situated in a valley.(203)  
Despite such diversity, HF IRs did not vary substantially by region, and are generally consistent 
with those reported in the Saskatchewan study, which revealed little variation between the 13 
health regions, with the exception of one remote region.(13) These results suggest that residents, 
regardless of region, may be exposed to similar controlled internal environments within the 
LTCFs, have less exposure to the external world, and experience a common sedentary living style 
(i.e., bedridden status).  
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5.4 Beyond descriptive: Risk factors based on multivariable modeling  
The results of the multivariable analyses indicated the risk of HFs in LTCFs in BC increased 
with older age (80+yrs vs 65-79yrs), female sex, an underweight, normal weight, or overweight 
BMI compared to obese, a diagnosis of dementia, and having fallen in the last month.  
5.4.1 Age and sex    
In the current study, HFs followed a directly proportional relationship with increasing age. 
Although no previous research has been published assessing the association between person-
level factors and HFs in the Canadian LTCF population, these results are consistent with previous 
published descriptive studies.(11,13,52) Age is associated with a number of factors that may increase 
the risk of HFs such as frailty,(11,71) dementia, and cognitive impairment,(144,146)  
osteoporosis,(20,131,204) falls,(25,63,169) side effects of medicines, particularly the use of 
neuroleptics,(156,160)   and lower vitamin D and nutritional deficiencies.(118,133) 
 Overall, females had a 61% increased risk of HFs compared to males in this study, a 
pattern consistently observed in previous research,(11–14) including in community dwellers.(10,42,83) 
However, caution in interpretation should be exercised as these reports were based largely on 
descriptive studies. Factors that may increase the risk of HFs in females might be a higher 
prevalence of frailty, (80) compromised hormonal and nutritional status, particularly vitamin D and 
calcium (84,86) with resultant weakened bones, (88,89) and a higher risk of osteoporosis.(10,134) The 
postmenopausal state and socioeconomic status may also influence vulnerability to HF.(84)   
5.4.2 Clinical risk factors 
Compared to residents with an obese classification, those with low, normal and 
overweight BMIs in this study showed an increased risk of HFs.  The low BMI finding is in 
concordance with other studies of community dwelling older adults.(114,117) Similar results were 
also reported in one meta-analysis in which a BMI of less than 20kg/m2 (compared to 25 kg/m2) 
was associated with an increased risk of HFs. (205) The average BMI of LTCF residents is 23.2 ± 5.5 
kg/m², (154) which puts many residents at risk. (118)  Furthermore, in institutionalized populations, 
the high proportion of participants with a low BMI is compounded by the associated risk of 
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frailty.(118) Although frailty was not assessed in this study, it may be an underlying risk factor for 
HFs among LTCF residents.(93)  A direct link between low BMI with osteoporosis could be another 
plausible explanation of these results; that is, the combination of both exposures makes bones 
significantly more brittle, thereby increasing the risk of HFs. (205)   
Compared to obese individuals, an increased risk of HF was also observed in those 
classified as normal or overweight.  A number of community-based studies have reported higher 
BMI to be associated with a decreased risk of HFs.(206,207) Obesity/high BMI may be protective for 
HF possibly due to greater fat mass that provides cushioning to the hip by adipose tissue that 
may reduce impact forces when falling.(208) It is important to note, however, that not all research 
has reported obesity as a protective factor and some has reported the risk of HF to increase in 
obese individuals as compared to those of normal weight.(209)  The complexity of the relationship 
between BMI and HF is well acknowledged in the literature, including variations observed by sex, 
age, and ethnicity.(117,209) Recent research has also examined the potential role of other factors 
in the BMI-HF association, such as the level of various micronutrients(210)  and the distribution of 
body fat. (211)  The positioning of obesity as a protective factor is also problematic from a public 
health perspective given evidence linking obesity with an increased risk of other serious health 
conditions such as metabolic disorder, cardiovascular diseases, and diabetes. (212)  
  Dementia was also been shown to be a statistically significant risk factor for HF, with a 
46% higher risk of HF in those with dementia compared to those without, results which are 
consistent with previous research.(144,146) Dementia among institutionalized older adults is 
associated with nutritional deficiency and compromised neuro-physiological function (e.g., 
peripheral neuropathies) that increase balancing and gait problems leading to HFs. (149) The use 
of multiple pharmaceuticals among those with dementia is frequent and compounded by other 
risks, such as delirium and syncopal attacks.(148) People with dementia are also at a higher risk of 
falls due to associated gait problems.(147) The possibility of a fundamental cause of falls among 
older adults with dementia may be explained by a link between cognition and disturbed gait that 
might lead to falls resulting in HFs.(147) These sequelae of dementia would increase the risk of fall-
related HFs in this vulnerable population.(147,148)  
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Having fallen in the last month was associated with a 15% increased risk of HF in the 
current study, which although statistically significant, appears to be of a smaller magnitude when 
compared to other research.(24,63,139,169) There are several points to consider as possible 
explanations for the smaller effect compared to other reports.  For instance, in the current study, 
information on falls was collected from the RAI-MDS 2.0 and based on a resident’s verbal answers 
in response to the question asked to them or to their caregiver. In addition, an input of the event 
of a fall was carried out by the supporting staff, either by direct observation or from the patient’s 
previous medical records at the time of LTCF admission. Thus, misclassification of a fall event 
cannot be ruled out in this study. Ganza et al. have reported considerable misinformation for falls 
among the elderly.(213) Similarly, personal preferences for nondisclosure of falls to physicians  
have been reported.(214) Also, nursing staff could have missed witnessing a fall or a slight fall may 
have been recorded as a simple trip. Finally, falls commonly occur during walking (25) and a 
considerable number of LTCF residents are immobile; therefore, restricted movement due to 
immobility may have prevented them from experiencing a fall resulting in a lower incidence of 
HFs. 
5.4.3 Factors unassociated with hip fracture 
In the current study, several factors such as place (facility size), health behavior (alcohol, 
smoking), DM, RA, osteoporosis, and PD did not show statistically significant associations with 
HFs in the multivariable analysis. Considering the fact that this study, unlike many previous 
descriptive studies, examined multiple factors at the same time, thus controlling for confounding 
effects, this researcher is confident that there are no significant statistical associations. It is 
important to note, however, that initial results of the unadjusted analyses conducted for this 
thesis, corresponding to the first research question, did report similar associations to those of 
previous descriptive studies.  
However, it is possible that the results in this study were impacted by the lack of 
information on severity or stage of the diseases. For example, DM has been associated with falls 
and gait disturbances; these symptoms are particularly common in those with an advanced stage 
of uncontrolled DM resulting in associated neuro-sensory abnormalities. These symptoms are 
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not frequent in early or well-controlled DM,(121) so  precise quantified assessments of disease 
severity or stage of the diseases may be needed to show associations with HFs.  In addition, RA 
(129,130) and PD (157,161) have shown associations with HFs in later (severe) stages ; the same 
rationale is thus applicable to all morbidities. The importance of disease severity is illustrated in 
the new HF risk assessment tool (FRAiL)(215) for LTCF populations. In the FRAiL tool, quantified 
values are used for conditions including DM, dementia, falls, frailty, and activity levels. The 
present study also reported a much lower prevalence of osteoporosis (18%) compared with other 
studies.(133,134) This may be a result of the fact that relatively few older adults in Canada have 
access to the diagnostic test for osteoporosis (DEXA).(106)  Similarly, episodes of falls were likely 
underestimated in the data for this study. Previous research suggests that falls combined with 
osteoporosis dramatically increase the risk of HFs among older adults. (20,24,133) Hence, it is 
possible that the underestimation of both conditions may have diluted the observed measures 
of association.  Similarly, alcohol and smoking were not significantly associated with HFs, likely 
due to their low prevalence in this LTCF population. Previous research with community samples 
has shown these two health behaviors to be associated with an increased risk of HFs;(16, 94, 97) 
unfortunately, lifetime use of these substances by participants was not available for this study.  
5.5 Limitations 
 Information on HF events for this study was retrieved from the CIHI DAD, which stores 
information for events occurring in acute care centers. Hence, it is quite possible that some HFs 
may have been missed.  For example, some terminally ill residents classified under “Do Not 
Resuscitate” (DNR) status, despite acquiring HFs, are treated in LTCFs conservatively and not 
transferred to an acute care hospital. Such events might be missed or uncaptured, which would 
result in an underestimation of IRs in this study. 
 In the current study, IRs for individual types of HFs were not analysed. Instead, all three 
types (S72.0, S72.1, and S72.2) from ICD-10-CA were combined. Although assessment of 
individual HF types was not an objective of this study, such specifics could have been beneficial 
for healthcare providers.   
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 Nearly 80% of the study participants resided in urban LTCFs compared to 11% in rural, 
which may have impacted the results. Additionally, rural-urban location was assigned on the 
basis of LTCF location rather than where participants may have lived most of their lives; 
considering the short average stay in LTCFs, it might not truly represent rural-urban influences 
on HF IRs. This preliminary work warrants further study at a broader level (multi-provincial) and 
also, with information on residents’ lifetime living environments prior to admission to LTCFs. The 
actual residence of LTCF dwellers are not available due to confidentiality reason so it was not 
retrievable for this analysis.  
While alcohol and smoking are considered significant risk factors for HFs, most of the 
residents were not current drinkers or smokers; also, no information was available regarding 
lifetime use of these substances.  
 Several clinical conditions (DM, RA, and PD) associated with HFs in previous research 
showed no association in this study. As mentioned previously, information on the severity of 
these conditions would have been potentially informative, as would data on other variables, such 
as physical activity levels.   Similarly, this study did not include other pertinent contributors to 
HFs such as vitamin D use, use of bisphosphonates, and hip protectors. Lastly, this study did not 
include any potentially pertinent facility factors such as building structure, staffing, staff 
education, and care patterns, which may have an effect on HF rates. 
  5.6 Strengths 
This study was conducted using CIHI DAD, including CCRS (based on RAI-MDS 2.0), which 
have been validated in several studies.(188,192) CIHI-DAD is a population-based data source that 
stores information on all residents in LTCFs in BC ensuring minimal selection bias and enhanced 
generalizability of the results. The focus on incidence of HFs, rather than prevalence, is also a 
strength of this study. In addition to descriptive analyses, multivariable analysis of the predictors 
of HFs were conducted, thus reducing the influence of confounding on the results. This study is 
replicable and can be applied to future studies in Canada. 
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This is the first Canadian study conducted solely on HFs in residents of LTCFs that 
examines trends by person, place, and time. From an administrative and health care 
management perspective, the current study provides new information for HF epidemiology in 
terms of facility size, rural-urban locations, and distribution among females and males in different 
age groups of older adults.  
 
5.7 Conclusion and future directions 
The results of this study provide important information on current time trends and risk 
factors in HFs among LTCF residents. The changing HF rates have important implications for 
public health and policymakers. The province of BC can use these results to prioritize healthcare 
resources for vulnerable older adults living in LTCFs. For example, health professionals can use 
this information to target treatment to those at highest risk (e.g., residents 80 years or older, 
women, those with dementia, lower BMI, and frequent fallers). 
This study provided preliminary information about the potential impact of rural-urban 
location and facility size on HF IRs and it can be viewed as the starting point for future studies on 
this topic beyond a single province. In addition, future research should incorporate more detailed 
exposure information regarding residents’ pre-LTCF health behaviors (e.g., smoking and alcohol 
use) activity of daily living, disease severity, health professional characteristics, and facility 
infrastructure (e.g., gymnasiums, physiotherapy room, and number of residents in each room).  
 
 
 
 
 
 
 
 
 59 
 
References 
1.  Canada’s Population Estimates: Age and Sex. (2015) [Internet]. Ottawa: Statistics 
Canada; 2015. Available from: http://www.statcan.gc.ca/daily-quotidien/150929/dq150929b-
eng.pdf 
2.  Age and Sex Highlight Tables, 2016 Census. Population by broad age groups and sex, 
2016 counts for both sexes, Canada, provinces and territories, 2016 Census [Internet]. Ottawa: 
Statistics Canada; 2016. Available from: http://www12.statcan.gc.ca/census-
recensement/2016/dp-pd/hlt-fst/as/Table.cfm?Lang=E&T=11. 
3.  Population Projections for Canada (2013 to 2063), Provinces and Territories (2013 to 
2038). [Internet]. Ottawa: Statistics Canada.; 2015. Available from: 
https://www150.statcan.gc.ca/n1/en/pub/91-520-x/91-520-x2014001-eng.pdf?st=qYCTeTxf 
4.  Leslie WD, O’Donnell S, Lagace C, Walsh P, Bancej C, Jean S, et al. Population-based 
Canadian hip fracture rates with international comparisons. Osteoporosis International. 
2010;21(8):1317–22.  
5.  Bertram M, Norman R, Kemp L, Vos T. Review of the long-term disability associated with 
hip fractures. Injury Prevention. 2011;17(6):365–70.  
6.  Dyer SM, Crotty M, Fairhall N, Magaziner J, Beaupre LA, Cameron ID, et al. A critical 
review of the long-term disability outcomes following hip fracture. BMC Geriatrics. 
2016;16(1):158.  
7.  Langer JK, Weisman JS, Rodebaugh TL, Binder EF, Lenze EJ. Short-term affective recovery 
from hip fracture prospectively predicts depression and physical functioning. Health 
Psychology. 2015;34(1):30.  
8.  Katsoulis M, Benetou V, Karapetyan T, Feskanich D, Grodstein F, Pettersson‐Kymmer U, 
et al. Excess mortality after hip fracture in elderly persons from Europe and the USA: The 
CHANCES Project. Journal of Internal Medicine. 2017;281(3):300–10.  
 60 
 
9.  Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct health-care costs attributed 
to hip fractures among seniors: A matched cohort study. Osteoporosis International. 
2013;24(2):659–69.  
10.  Osteoporosis Annual Report 2015-2016 [Internet]. Osteoporosis Canada; 2016. Available 
from: http://www.osteoporosis.ca/wp-content/uploads/Ost-Annual-Report-2015-2016-Web-
Version.pdf 
11.  Crilly RG, Tanner DA, Kloseck M, Chesworth BM. Hip fractures in long-term care: Is the 
excess explained by the age and gender distribution of the residents? Journal of Aging 
Research. 2010;2010.  
12.  Papaioannou A, Kennedy CC, Ioannidis G, Cameron C, Croxford R, Adachi JD, et al. 
Comparative trends in incident fracture rates for all long-term care and community-dwelling 
seniors in Ontario, Canada, 2002–2012. Osteoporosis International. 2016;27(3):887–97.  
13.  Thorpe LU, Whiting SJ, Li W, Dust W, Hadjistavropoulos T, Teare G. The incidence of hip 
fractures in long-term care homes in Saskatchewan from 2008 to 2012: An analysis of provincial 
administrative databases. Canadian Geriatrics Journal. 2017;20(3):97.  
14.  Khatib R, Santesso N, Pickard L, Osman O, Giangregorio L, Skidmore C, et al. Fracture risk 
in long term care: A systematic review and meta-analysis of prospective observational studies. 
BMC Geriatrics. 2014;14(1):130.  
15.  Maurel DB, Boisseau N, Benhamou CL, Jaffre C. Alcohol and bone: Review of dose 
effects and mechanisms. Osteoporosis International. 2012;23(1):1–16.  
16.  Ward KD, Klesges RC. A meta-analysis of the effects of cigarette smoking on bone 
mineral density. Calcified Tissue International. 2001;68(5):259–70.  
17.Meyer HE, Forsmo S, Tell GS, Holvik K, Eisman J, Sogaard AJ. Long-term height loss and low 
BMI strongly predict hip fracture among 16,009 women and men aged 70-79 Years. A NOREPOS 
 61 
 
Study. Journal of Bone and Mineral Research 2013 (Vol. 28). 111 River street, Hoboken 07030-
5774, NJ USA: Wiley-Blackwell.  
 18.  Fan Y, Wei F, Lang Y, Liu Y. Diabetes mellitus and risk of hip fractures: A meta-analysis. 
Osteoporosis International. 2016;27(1):219–28.  
19.  Huusko TM, Korpela M, Karppi P, Avikainen V, Kautiainen H, Sulkava R. Threefold 
increased risk of hip fractures with rheumatoid arthritis in Central Finland. Annals of the 
Rheumatic Diseases. 2001;60(5):521–2.  
20.  Järvinen TL, Sievänen H, Khan KM, Heinonen A, Kannus P. Shifting the focus in fracture 
prevention from osteoporosis to falls. British Medical Journal. 2008;336(7636):124.  
21.  Lopez MG, Omsland TK, Søgaard AJ, Meyer HE. O-022: Increased risk of hip fracture in 
people with self-perceived memory loss. A NOREPOS based prospective cohort study of 10449 
individuals aged 67–78 years. European Geriatric Medicine. 2015;(6):S11.  
22.  Sato Y, Kaji M, Tsuru T, Oizumi K. Risk factors for hip fracture among elderly patients 
with Parkinson’s disease. Journal of the Neurological Sciences. 2001;182(2):89–93.  
23.  Chen Y-Y, Cheng P-Y, Wu S-L, Lai C-H. Parkinson’s disease and risk of hip fracture: An 8-
year follow-up study in Taiwan. Parkinsonism & Related Disorders. 2012;18(5):506–9.  
24. Report on Seniors’ Falls in Canada. (2005) [Internet]. Ottawa: Division of Aging and Seniors 
Public Health Agency of Canada; 2005. Available from: http:// 
http://publications.gc.ca/collections/Collection/HP25-1-2005E.pdf   
25.  Yang Y, Mackey DC, Liu-Ambrose T, Feldman F, Robinovitch SN. Risk factors for hip 
impact during real-life falls captured on video in long-term care. Osteoporosis International. 
2016;27(2):537–47.  
 62 
 
26.  Cheng SY, Levy AR, Lefaivre KA, Guy P, Kuramoto L, Sobolev B. Geographic trends in 
incidence of hip fractures: A comprehensive literature review. Osteoporosis International. 
2011;22(10):2575–86.  
27.  Sanders KM, Nicholson GC, Ugoni AM, Seeman E, Pasco JA, Kotowicz MA. Fracture rates 
lower in rural than urban communities: The Geelong Osteoporosis Study. Journal of 
Epidemiology & Community Health. 2002;56(6):466–70.  
28.  Chevalley T, Herrmann FR, Delmi M, Stern R, Hoffmeyer P, Rapin C-H, et al. Evaluation of 
the age-adjusted incidence of hip fractures between urban and rural areas: The difference is 
not related to the prevalence of institutions for the elderly. Osteoporosis International. 
2002;13(2):113–8.  
29.  Census in Brief: A Portrait of the Population 85-Years-Olds in Canada. Census of 
population, 2016. [Internet]. Ottawa: Statistics Canada.; 2016. Available from: 
http://www12.statcan.gc.ca/census-recensement/2016/as-sa/98-200-x/2016004/98-200-
x2016004-eng.cfm 
30.  Dwellings in Canada Census 2016. Census-recensement 2016. [Internet]. Ottawa: 
Statistics Canada.; 2016. Available from: http://www12.statcan.gc.ca/census- 
recensement/2016/as-sa/98-200-x/2016005/98-200-x2016005-eng.cfm 
31.  Age and Sex Highlights 2011 Census. Canadian Population in 2011.Census recensement: 
[Internet]. Ottawa: Statistics Canada.; 2016S. Available from: 
http://www12.statcan.gc.ca/census-recensement/2011/as-sa/98-311-x/98-311-x2011001-
eng.pdf 
32.  Population projections for Canada. Provinces and territories 2015 [Internet]. Ottawa: 
Statistics Canada.; 2015. Available from: http://www5.statcan.gc.ca/olc-
cel/olc.action?objId=91-520-X&objType=2&lang=en&limit=0 
 63 
 
33.  Population Projections for Canada, Provinces and Territories, 2009 to 2036. [Internet]. 
Ottawa: Statistics Canada.; 2010. Available from: http://www.statcan.gc.ca/pub/91-520-x/91-
520-x2010001-eng.pdf 
34.  Residential Care Staffing Review, BC, Ministry of Health British Columbia. [Internet]. 
Ministry of Health British Columbia.; 2017. Available from: 
http://www.health.gov.bc.ca/library/publications/year/2017/residential-care-staffing-
review.pdf 
35.  World’s Population Ageing, 2013. [Internet]. New York: USA. Population Division, 
Department of Economic and Social Affairs, United Nations Secretariat, New York, USA.; 
Available from: 
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulati
on Ageing 2013.pdf 
36.  The 2009 Ageing Report 2009: Underlying Assumptions and Projection Methodologies 
for the EU-27 Member States (2007-2060) [Internet]. Available from: 
http://ec.europa.eu/economy_finance/publications/pages/publication13782_en.pdf.  
37.  A Look at the U.S. Population in 2060. P [Internet]. New York USA: Population Division. 
Dept. of Commerce. Economics and Statistics Administration U.S. CENSUS BUREAU.; 2014. 
Available from: 
https://www.census.gov/newsroom/cspan/pop_proj/20121214_cspan_popproj.pdf 
38.  Types of Hip Fracture. 2018. [Internet]. Available from: https: 
https://www.reboundmd.com/news/three-types-hip-fractures-treatments 
39.  Brox WT, Roberts KC, Taksali S, Wright DG, Wixted JJ, Tubb CC, et al. The American 
Academy of Orthopaedic Surgeons evidence-based guideline on management of hip fractures in 
the elderly. JBJS. 2015;97(14):1196–9.  
40.  Lipscombe LL, Jamal SA, Booth GL, Hawker GA. The risk of hip fractures in older 
individuals with diabetes. Diabetes Care. 2007;30(4):835–41.  
 64 
 
41.  Weller I, Schatzker J. Hip fractures and Alzheimer’s disease in elderly institutionalized 
Canadians. Annals of Epidemiology. 2004;14(5):319–24.  
42.  Leslie WD, O’Donnell S, Jean S, Lagacé C, Walsh P, Bancej C, et al. Trends in hip fracture 
rates in Canada. JAMA: Journal of American Medical Association. 2009;302(8):883–9.  
43.  Bergström U, Jonsson H, Gustafson Y, Pettersson U, Stenlund H, Svensson O. The hip 
fracture incidence curve is shifting to the right: A forecast of the age-quake. Acta Orthopaedica. 
2009;80(5):520–4.  
44.  Lefaivre KA, Levy AR, Sobolev B, Cheng SY, Kuramoto L, Guy P. Changes in first hip 
fracture rates in British Columbia Canada, 1990–2004. Osteoporosis International. 
2011;22(11):2817–27.  
45.  Health Indicators 2007. [Internet]. Ottawa: Canadian Institute for Health Information; 
2007. Available from: https://secure.cihi.ca/free_products/hi07_health_indicators_2007_e.pdf 
46.  Fracture incidence and costs by province. [Internet]. Ottawa: Osteoporosis Canada; 
2013 Nov. (Supplement to Osteoporosis Canada’s Make the first break the last with fracture 
liaison services). Report No.: Appendix B version 1. Available from: 
http://www.osteoporosis.ca/wp-content/uploads/Appendix-B.pdf 
47.  Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB. Incidence and mortality of hip 
fractures in the United States. Journal of American Medical Association.  2009;302(14):1573–9.  
48.  Butler M, Forte M, Kane RL, Joglekar S, Duval SJ, Swiontkowski M, et al. Treatment of 
common hip fractures. Evid Rep Technol Assess (Full Rep). 2009;184(1–85).  
49.  Giversen IM. Time trends of age-adjusted incidence rates of first hip fractures: A 
register-based study among older people in Viborg County, Denmark, 1987–1997. Osteoporosis 
International. 2006;17(4):552–64.  
 65 
 
50.  Norton R, Campbell AJ, Reid IR, Butler M, Currie R, Robinson E, et al. Residential status 
and risk of hip fracture. Age and Ageing. 1999;28(2):135–9.  
51.  Sawka AM, Ismaila N, Cranney A, Thabane L, Kastner M, Gafni A, et al. A scoping review 
of strategies for the prevention of hip fracture in elderly nursing home residents. PloS One. 
2010;5(3):e9515.  
52.  Sugarman JR, Connell FA, Hansen A, Helgerson SD, Jessup MC, Lee H. Hip fracture 
incidence in nursing home residents and community‐dwelling older people, Washington State, 
1993–1995. Journal of the American Geriatrics Society. 2002;50(10):1638–43.  
53.  Pekkarinen T, Löyttyniemi E, Välimäki M. Hip fracture prevention with a multifactorial 
educational program in elderly community-dwelling Finnish women. Osteoporosis 
International. 2013;24(12):2983–92.  
54.  Turner S, Arthur G, Lyons RA, Weightman AL, Mann MK, Jones SJ, et al. Modification of 
the home environment for the reduction of injuries. Cochrane Database of Systematic Reviews. 
2011;(2).  
55.  Kannus P, Parkkari J, Niemi S, Pasanen M, Palvanen M, Järvinen M, et al. Prevention of 
hip fracture in elderly people with use of a hip protector. New England Journal of Medicine. 
2000;343(21):1506–13.  
56.  Gass M, Dawson-Hughes B. Preventing osteoporosis-related fractures: An overview. The 
American Journal of Medicine. 2006;119(4):S3–11.  
57.  Murad MH, Elamin KB, Abu Elnour NO, Elamin MB, Alkatib AA, Fatourechi MM, et al. The 
effect of vitamin D on falls: A systematic review and meta-analysis. The Journal of Clinical 
Endocrinology & Metabolism. 2011;96(10):2997–3006.  
58.  D’Adamo C, Singh MAF. The geriatric exercise prescription nutritional implications. 
Geriatric Nutrition. 2013;417.  
 66 
 
59.  Health status of Canadian in 2016. A report of chief public health officer Canada. 
[Internet]. Ottawa: Public Health Agency of Canada.; 2016. Available from: 
http://www.healthycanadians.gc.ca/publications/department-ministere/state-public-health-
status-2016-etat-sante-publique-statut/alt/pdf-eng.pd 
60.  Manuel DG. A $4.9 billion decrease in health care expenditure: The ten-year impact of 
improving smoking, alcohol, diet and physical activity in Ontario. Institute for Clinical Evaluative 
Sciences; 2016.  
61.  Brown CA, Starr AZ, Nunley JA. Analysis of past secular trends of hip fractures and 
predicted number in the future 2010–2050. Journal of Orthopaedic Trauma. 2012;26(2):117–
22.  
62.  El-Khoury, F., Cassou, B., Charles, M. A., & Dargent-Molina, P. The effect of fall 
prevention exercise programmes on fall induced injuries in community dwelling older adults: 
Systematic review and meta-analysis of randomized controlled trials. The British Medical 
Journal. 2013; 29;347(f6234).  
63.  Robinovitch SN, Feldman F, Yang Y, Schonnop R, Leung PM, Sarraf T, et al. Video capture 
of the circumstances of falls in elderly people residing in long-term care: An Observational 
Study. The Lancet. 2013;381(9860):47–54.  
64.  Greenspan SL, Nace D, Perera S, Ferchak M, Fiorito G, Medich D, et al. Lessons learned 
from an osteoporosis clinical trial in frail long-term care residents. Clinical Trials. 2012;9(2):247–
56.  
65.  Looker AC, Melton LJ, Borrud LG, Shepherd JA. Changes in femur neck bone density in 
US adults between 1988–1994 and 2005–2008: Demographic patterns and possible 
determinants. Osteoporosis International. 2012;23(2):771–80.  
66.  Crilly RG, Speechley M, Overend TJ, Mackenzie R, Simon S, Cremer S. Evaluation of a 
care pathway in the initiation of calcium and vitamin D treatment of patients after hip fracture. 
Canadian Journal on Aging/La Revue Canadienne du Vieillissement. 2009;28(1):21–6.  
 67 
 
67.  Lund CA, Møller AM, Wetterslev J, Lundstrøm LH. Organizational factors and long-term 
mortality after hip fracture surgery. A cohort study of 6143 consecutive patients undergoing hip 
fracture surgery. PloS One. 2014;9(6):e99308.  
68.  Neuman MD, Silber JH, Magaziner JS, Passarella MA, Mehta S, Werner RM. Survival and 
functional outcomes after hip fracture among nursing home residents. JAMA Internal Medicine. 
2014;174(8):1273–80.  
69.  Von Friesendorff M, McGuigan FE, Wizert A, Rogmark C, Holmberg AH, Woolf AD, et al. 
Hip fracture, mortality risk, and cause of death over two decades. Osteoporosis International. 
2016;27(10):2945–53.  
70.  Papaioannou A, Wiktorowicz M, Adachi JD, Goeree R, Papadimitropoulos E, Bédard M, 
et al. Mortality, independence in living, and re-fracture, one year following hip fracture in 
Canadians. Journal SOGC. 2000;22(8):591–7.  
71.  Grigoryan KV, Javedan H, Rudolph JL. Ortho-geriatric care models and outcomes in hip 
fracture patients: A systematic review and meta-analysis. Journal of Orthopaedic Trauma. 
2014;28(3):e49.  
72.  Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, Dolan M, et al. Recovery from 
hip fracture in eight areas of function. The Journals of Gerontology Series A: Biological Sciences 
and Medical Sciences. 2000;55(9):M498–507.  
73.  National health expenditure trends, 1975 to 2016. Canadian Institute for health 
informatics; 2016. Ottawa: [Internet]. Available from: 
https://www.cihi.ca/sites/default/files/document/nhex-trends-narrative-report_2016_en.pdf 
74.  Health Quality Ontario.; Quality-based procedures: Clinical handbook for hip fracture 
Ministry of Health and Long-Term Care; 2013 p. 97. [Internet]. Available from: 
http://www.hqontario.ca/evidence/publications-and- study ohtac-recommendations/clinical-
handbooks 
 68 
 
75.  Better bone health. Annual report 2015-2016. Ottawa: Osteoporosis Canada; 2016. 
[Internet]. Available from: http://www.osteoporosis.ca/betterbonehealth-osteoporosis-
canadas-2015-2016-annual-report/ 
76.  Wiktorowicz ME, Goeree R, Papaioannou A, Adachi JD, Papadimitropoulos E. Economic 
implications of hip fracture: health service use, institutional care and cost in Canada. 
Osteoporosis International. 2001;12(4):271–8.  
77.  Burge R, Dawson‐Hughes B, Solomon DH, Wong JB, King A, Tosteson A. Incidence and 
economic burden of osteoporosis‐related fractures in the United States, 2005–2025. Journal of 
Bone and Mineral Research. 2007;22(3):465–75.  
78.  Cummings SR, Rubin SM, Black D. The future of hip fractures in the United States. 
Numbers, costs, and potential effects of postmenopausal estrogen. Clinical Orthopaedics and 
Related Research. 1990;(252):163–6.  
79.  Wang H-K, Hung C-M, Lin S-H, Tai Y-C, Lu K, Liliang P-C, et al. Increased risk of hip 
fractures in patients with dementia: A nationwide population-based study. BMC Neurology. 
2014;14(1):175.  
80.  Auais M, Morin S, Nadeau L, Finch L, Mayo N. Changes in frailty-related characteristics of 
the hip fracture population and their implications for healthcare services: Evidence from 
Quebec, Canada. Osteoporosis International. 2013;24(10):2713–24.  
81.  Chudyk AM, Jutai JW, Petrella RJ, Speechley M. Systematic review of hip fracture 
rehabilitation practices in the elderly. Archives of Physical Medicine and Rehabilitation. 
2009;90(2):246–62.  
82.  Haleem S, Lutchman L, Mayahi R, Grice JE, Parker MJ. Mortality following hip fracture: 
trends and geographical variations over the last 40 years. Injury. 2008;39(10):1157–63.  
 69 
 
83.  Jean S, O’Donnell S, Lagacé C, Walsh P, Bancej C, Brown JP, et al. Trends in hip fracture 
rates in Canada: an age‐period‐cohort analysis. Journal of Bone and Mineral Research. 
2013;28(6):1283–9.  
84.  Brennan SL, Yan L, Lix LM, Morin SN, Majumdar SR, Leslie WD. Sex-and age-specific 
associations between income and incident major osteoporotic fractures in Canadian men and 
women: A population-based analysis. Osteoporosis International. 2015;26(1):59–65.  
85.  Steingrimsdottir L, Halldorsson TI, Siggeirsdottir K, Cotch MF, Einarsdottir BO, 
Eiriksdottir G, et al. Hip fractures and bone mineral density in the elderly—importance of serum 
25-hydroxyvitamin D. PloS One. 2014;9(3):e91122.  
86.  O’Connor DL, Blake J, Bell R, Bowen A, Callum J, Fenton S, et al. Canadian consensus on 
female nutrition: Adolescence, reproduction, menopause, and beyond. Journal of Obstetrics 
and Gynaecology Canada. 2016;38(6):508-554. e18.  
87.  Tanner DA, Kloseck M, Crilly RG, Chesworth B, Gilliland J. Hip fracture types in men and 
women change differently with age. BMC Geriatrics. 2010;10(1):12.  
88.  Szulc P, Duboeuf F, Schott AM, Dargent-Molina P, Meunier PJ, Delmas PD. Structural 
determinants of hip fracture in elderly women: Re-analysis of the data from the EPIDOS study. 
Osteoporosis International. 2006;17(2):231–6.  
89.  Beck TJ, Looker AC, Ruff CB, Sievanen H, Wahner HW. Structural trends in the aging 
femoral neck and proximal shaft: Analysis of the Third National Health and Nutrition 
Examination Survey dual‐energy X‐ray absorptiometry data. Journal of Bone and Mineral 
Research. 2000;15(12):2297–304.  
90.  Kaptoge S, Dalzell N, Loveridge N, Beck TJ, Khaw K-T, Reeve J. Effects of gender, 
anthropometric variables, and aging on the evolution of hip strength in men and women aged 
over 65. Bone. 2003;32(5):561–70.  
 70 
 
91.  Yates LB, Beck TJ, Broe KE, Bouxsein ML, Kiel DP. Hip Structure Analysis (HSA) predicts 
risk for incident hip fracture in the nursing home. Journal of Bone and Mineral Research. Amer 
Soc Bone & Mineral Res. 2025 M st, NW, Ste 800, Washington, DC 20036; 2003. p. S55–S55.  
92.  Mautalen CA, Vega EM, Einhorn TA. Are the etiologies of cervical and trochanteric hip 
fractures different? Bone. 1996;18(3):S133–7.  
93.  Langmann GA, Perera S, Ferchak MA, Nace DA, Resnick NM, Greenspan SL. 
Inflammatory markers and frailty in long‐term care residents. Journal of the American Geriatrics 
Society. 2017;  
94.  Kanis JA, Johansson H, Johnell O, Oden A, De Laet C, Eisman JA, et al. Alcohol intake as a 
risk factor for fracture. Osteoporosis International. 2005;16(7):737–42.  
95.  Besemer F, Pereira AM, Smit JWA. Alcohol-induced Cushing syndrome. Neth J Med. 
2011;69:318–23.  
96.  Abrahamsen B, Brask-Lindemann D, Rubin KH, Schwarz P. A review of lifestyle, smoking 
and other modifiable risk factors for osteoporotic fractures. Bone Key Reports. 2014;3.  
97.  Johnston J, McGovern S. Alcohol related falls: An interesting pattern of injuries. 
Emergency Medicine Journal. 2004;(21):185–8.  
98.  Rehm J, Baliunas D, Brochu S, Fischer B, Gnam W, Patra J, et al. The costs of substance 
abuse in Canada 2002. Ottawa: Canadian Centre on Substance Abuse. 2006;1–14.  
99.  Control and sales of alcoholic beverages, for the year ending March 31, 2014. Ottawa: 
Statistics Canada.; 2014 Mar. [Internet]. Available from: 
https://www150.statcan.gc.ca/n1/daily-quotidien/150504/dq150504a-eng.htm 
100.  Liu F, Woodrow J, Loucks-Atkinson A, Buehler S, West R, Wang PP. Smoking and alcohol 
consumption patterns among elderly Canadians with mobility disabilities. BMC Research Notes. 
2013;6(1):218.  
 71 
 
101.  Pringle KE, Ahern FM, Heller DA, Gold CH, Brown TV. Potential for alcohol and 
prescription drug interactions in older people. Journal of the American Geriatrics Society. 
2005;53(11):1930–6.  
102.  The Chief Public health officer’s report on the state of Public health in Canada 2015. 
Alcohol consumption in Canada. Ottawa: PHAC; 2015. [Internet]. Available from: 
http://healthycanadians.gc.ca/publications/department-ministere/state-public-health-alcohol-
2015-etat-sante-publique-alcool/alt/state-phac-alcohol-2015-etat-aspc-alcool-eng.pdf 
103.  Canadian Alcohol and Drug Use Monitoring Survey (CADUMS) 2012. Ottawa: Statistics 
Canada; 2012. [Internet]. Available from: https://www.canada.ca/en/health-
canada/services/health-concerns/drug-prevention-treatment/drug-alcohol-use-
statistics/canadian-alcohol-drug-use-monitoring-survey-summary-results-2012.html 
104.  Seven more years 2012: The impact of smoking, alcohol, diet, physical activity and stress 
on health and life expectancy in Ontario. An ICES/PHO Report. Ottawa: Institute for Clinical 
Evaluative Sciences Public Health Ontario; 2012. [Internet]. Available from: 
https://www.publichealthontario.ca/en/eRepository/PHO-
ICES_SevenMoreYears_Report_web.pdf 
105.  Kallala R, Barrow J, Graham SM, Kanakaris N, Giannoudis PV. The in vitro and in vivo 
effects of nicotine on bone, bone cells and fracture repair. Expert Opinion on Drug Safety. 
2013;12(2):209–33.  
106.  Yoon V, Maalouf NM, Sakhaee K. The effects of smoking on bone metabolism. 
Osteoporosis International. 2012;23(8):2081–92.  
107.  Steptoe A, Ussher M. Smoking, cortisol and nicotine. International Journal of 
Psychophysiology. 2006;59(3):228–35.  
108.  Tankó LB, Christiansen C. An update on the antiestrogenic effect of smoking: A literature 
review with implications for researchers and practitioners. Menopause. 2004;11(1):104–9.  
 72 
 
109.  Need AG, Kemp A, Giles N, Morris HA, Horowitz M, Nordin BEC. Relationships between 
intestinal calcium absorption, serum vitamin D metabolites and smoking in postmenopausal 
women. Osteoporosis International. 2002;13(1):83–8.  
110.  Kiel DP, Zhang Y, Hannan MT, Anderson JJ, Baron JA, Felson DT. The effect of smoking at 
different life stages on bone mineral density in elderly men and women. Osteoporosis 
International. 1996;6(3):240–8.  
111.  Høidrup S, Prescott E, Sørensen TI, Gottschau A, Lauritzen JB, Schroll M, et al. Tobacco 
smoking and risk of hip fracture in men and women. International Journal of Epidemiology. 
2000;29(2):253–9.  
112.  Wu Z-J, Zhao P, Liu B, Yuan Z-C. Effect of cigarette smoking on risk of hip fracture in 
men: A meta-analysis of 14 prospective cohort studies. PloS One. 2016;11(12):e0168990.  
113.  Forsen L, Bjartveit K, Bjørndal A, Edna T-H, Meyer HE, Schei B. Ex-smokers and risk of hip 
fracture. American Journal of Public Health. 1998;88(10):1481–3.  
114.  Shen GS, Li Y, Zhao G, Zhou HB, Xie ZG, Xu W, et al. Cigarette smoking and risk of hip 
fracture in women: A meta-analysis of prospective cohort studies. Injury. 2015;46(7):1333–40.  
115.  Obesity: Preventing and managing the global epidemic. Geneva. Switzerland: World 
health organization.; 2000. Report No.: 894. [Internet]. Available from: 
http/C:/Users/mos/Downloads/WHO_TRS_894.pdf  ISBN 92 4 120894 5 
116.  Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G, et al. Consensus 
definition of sarcopenia, cachexia and pre-cachexia: joint document elaborated by Special 
Interest Groups (SIG)“cachexia-anorexia in chronic wasting diseases” and “nutrition in 
geriatrics.” Clinical Nutrition. 2010;29(2):154–9.  
117.  Søgaard AJ, Holvik K, Omsland TK, Tell GS, Dahl C, Schei B, et al. Age and sex differences 
in body mass index as a predictor of hip fracture: A NOREPOS study. American Journal of 
Epidemiology. 2016;184(7):510–9.  
 73 
 
118.  Tamura BK, Bell CL, Masaki KH, Amella EJ. Factors associated with weight loss, low BMI, 
and malnutrition among nursing home patients: A systematic review of the literature. Journal 
of the American Medical Directors Association. 2013;14(9):649–55.  
119.  Veronese N, Cereda E, Solmi M, Fowler SA, Manzato E, Maggi S, et al. Inverse 
relationship between body mass index and mortality in older nursing home residents: A meta‐
analysis of 19,538 elderly subjects. Obesity Reviews. 2015;16(11):1001–15.  
120.  Definition of Diabetes Mellitus. In: Merriam-Webster Dictionary [Internet]. Web edition. 
Merriam-Webster; Available from: https://www.merriam-
webster.com/dictionary/diabetes%20mellitus 
121.  Strotmeyer ES, Cauley JA, Schwartz AV, Nevitt MC, Resnick HE, Bauer DC, et al. 
Nontraumatic fracture risk with diabetes mellitus and impaired fasting glucose in older white 
and black adults: The health, aging, and body composition study. Archives of Internal Medicine. 
2005;165(14):1612–7.  
122.  Vestergaard P. Discrepancies in bone mineral density and fracture risk in patients with 
type 1 and type 2 diabetes. A meta-analysis. Osteoporosis International. 2007;18(4):427–44.  
123.  Nicodemus KK, Folsom AR. Type 1 and type 2 diabetes and incident hip fractures in 
postmenopausal women. Diabetes Care. 2001;24(7):1192–7.  
124.  Nihtilä EK, Martikainen PT, Koskinen SV, Reunanen AR, Noro AM, Häkkinen UT. Chronic 
conditions and the risk of long-term institutionalization among older people. European Journal 
of Public Health. 2007;18(1):77–84.  
125.  Dybicz SB, Thompson S, Molotsky S, Stuart B. Prevalence of diabetes and the burden of 
comorbid conditions among elderly nursing home residents. The American Journal of Geriatric 
Pharmacotherapy. 2011;9(4):212–23.  
 74 
 
126.  Lix LM, Yan L, Blackburn D, Hu N, Schneider-Lindner V, Teare GF. Validity of the RAI-MDS 
for ascertaining diabetes and comorbid conditions in long-term care facility residents. BMC 
Health Services Research. 2014;14(1):17.  
127.  Michaud K, Wolfe F. Comorbidities in rheumatoid arthritis. Best Practice & Research 
Clinical Rheumatology. 2007;21(5):885–906.  
128.  Sinigaglia L, Varenna M, Girasole G, Bianchi G. Epidemiology of Osteoporosis in 
Rheumatic Diseases. Rheumatic Disease Clinics. 2006;32(4):631–58.  
129.  Van Staa T, Geusens P, Bijlsma JWJ, Leufkens HGM, Cooper C. Clinical assessment of the 
long‐term risk of fracture in patients with rheumatoid arthritis. Arthritis & Rheumatology. 
2006;54(10):3104–12.  
130.  Kim SY, Schneeweiss S, Liu J, Daniel GW, Chang C-L, Garneau K, et al. Risk of 
osteoporotic fracture in a large population-based cohort of patients with rheumatoid arthritis. 
Arthritis Research & Therapy. 2010;12(4):R154.  
131.  Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. The Lancet. 
2002;359(9321):1929–36.  
132.  Peel NM. Epidemiology of falls in older age. Canadian Journal on Aging/La Revue 
Canadienne du Vieillissement. 2011;30(1):7–19.  
133.  Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, Maalouf G, et al. The prevalence 
of vitamin D inadequacy amongst women with osteoporosis: An international epidemiological 
investigation. Journal of Internal Medicine. 2006;260(3):245–54.  
134.  Bessette L, Ste-Marie L-G, Jean S, Davison KS, Beaulieu M, Baranci M, et al. The care gap 
in diagnosis and treatment of women with a fragility fracture. Osteoporosis International. 
2008;19(1):79–86.  
 75 
 
135.  Ebeling PR. Osteoporosis in men. NEJM: New England Journal of Medicine. 
2008;358(14):1474–82.  
136.  Osteoporosis annual report 2008-2009. [Internet]. Ottawa: Osteoporosis Canada; 2009. 
Available from: 
http://www.osteoporosis.ca/multimedia/local/files/health_professionals/pdfs/OU_winter09_E
N.pdf 
137.  Langsetmo L, Hanley DA, Kreiger N, Jamal SA, Prior J, Adachi JD, et al. Geographic 
variation of bone mineral density and selected risk factors for prediction of incident fracture 
among Canadians 50 and older. Bone. 2008;43(4):672–8.  
138.  Ekman A, Michaëlsson K, Ljunghall S, Mallmin H. Almost all institutionalized women are 
osteoporotic, when measured by heel and finger ultrasound. Journal of Internal Medicine. 
2001;249(2):173–80.  
139.  Deandrea S, Bravi F, Turati F, Lucenteforte E, La Vecchia C, Negri E. Risk factors for falls 
in older people in nursing homes and hospitals. A systematic review and meta-analysis. 
Archives of Gerontology and Geriatrics. 2013;56(3):407–15.  
140.  Harrington JT, Broy SB, Derosa AM, Licata AA, Shewmon DA. Hip fracture patients are 
not treated for osteoporosis: A call to action. Arthritis Care & Research. 2002;47(6):651–4.  
141.  Alzheimer’s society definition. [Internet]. Available from: 
http://www.alz.org/dementia/types-of-dementia.asp 
142.  Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence of 
dementia: A systematic review and metanalysis. Alzheimer’s & Dementia. 2013;9(1):63-75. e2.  
143.  Mapping Connections: An understanding of neurological conditions in Canada. The 
national population health study of neurological conditions.  [Internet]. Neurological Health 
Charities Canada; 2014 Sep. Available from: http://www.phac-aspc.gc.ca/publicat/cd-mc/mc-
ec/assets/pdf/mc-ec-en g.pdf 
 76 
 
144.  Liang Y, Wang L. Alzheimer’s disease is an important risk factor of fractures: A meta-
analysis of cohort studies. Molecular Neurobiology. 2017;54(5):3230–5.  
145.  Weuve J, Hebert LE, Scherr PA, Evans DA. Prevalence of Alzheimer disease in US states. 
Epidemiology. 2015;26(1):e4–6.  
146.  Sato Y, Kanoko T, Satoh K, Iwamoto J. Risk factors for hip fracture among elderly 
patients with Alzheimer’s disease. Journal of the Neurological Sciences. 2004;223(2):107–12.  
147.  Mirelman A, Herman T, Brozgol M, Dorfman M, Sprecher E, Schweiger A, et al. Executive 
function and falls in older adults: New findings from a five-year prospective study link fall risk to 
cognition. PloS One. 2012;7(6):e40297.  
148.  Gill SS, Anderson GM, Fischer HD, Bell CM, Li P, Normand S-LT, et al. Syncope and its 
consequences in patients with dementia receiving cholinesterase inhibitors: A population-based 
cohort study. Archives of Internal Medicine. 2009;169(9):867–73.  
149.  Jantzi M, Maher AC, Ioannidis G, Hirdes JP, Giangregorio LM, Papaioannou A. Individuals 
with neurological diseases are at increased risk of fractures within 180 days of admission to 
long-term care in Ontario. Age and Ageing. 2014;44(2):252–7.  
150.   Prevalence of dementia in private households (2010/2011) and long-term care 
institutions (2011/2012), by sex and age group, population aged 45 or older, in Canada. Table 1. 
Ottawa: Statistics Canada.; 2012. Available from: https://www150.statcan.gc.ca/n1/pub/82-
003-x/2016005/article/14613/c-g/c-g01-eng.htm 
151.  Jones CA, Martin WW, Wieler M, King-Jesso P, Voaklander DC. Incidence and mortality 
of Parkinson’s disease in older Canadians. Parkinsonism & Related Disorders. 2012;18(4):327–
31.  
152.  Weerkamp NJ, Tissingh G, Poels PJ, Zuidema SU, Munneke M, Koopmans RT, et al. 
Parkinson disease in long term care facilities: A review of the literature. Journal of the American 
Medical Directors Association. 2014;15(2):90–4.  
 77 
 
153.  Hobson DE, Lix LM, Azimaee M, Leslie WD, Burchill C, Hobson S. Healthcare utilization in 
patients with Parkinson’s disease: A population-based analysis. Parkinsonism & Related 
Disorders. 2012;18(8):930–5.  
154.  Swanson PD. Drug treatment of Parkinson’s disease: is" polypharmacy" best? Journal of 
Neurology, Neurosurgery, and Psychiatry. 1994;57(4):401.  
155.  Vossius C, Nilsen OB, Larsen JP. Parkinson’s disease and nursing home placement: The 
economic impact of the need for care. European Journal of Neurology. 2009;16(2):194–200.  
156.  Heckman GA, Crizzle AM, Chen J, Pringsheim T, Jette N, Kergoat M-J, et al. Clinical 
complexity and use of antipsychotics and restraints in long-term care residents with Parkinson’s 
disease. Journal of Parkinson’s Disease. 2017;7(1):103–15.  
157.  Pickering RM, Grimbergen YA, Rigney U, Ashburn A, Mazibrada G, Wood B, et al. A 
meta‐analysis of six prospective studies of falling in Parkinson’s disease. Movement Disorders. 
2007;22(13):1892–900.  
158.  Kerss H, O’neill M. 33 assessment of Osteoporosis risk in patients with Parkinson’s 
disease and a fractured neck of femur. Age and Ageing. 2014;43(suppl_1):i8.  
159.  Invernizzi M, Carda S, Viscontini GS, Cisari C. Osteoporosis in Parkinson’s disease. 
Parkinsonism & Related Disorders. 2009;15(5):339–46.  
160.  Hagen B, Esther CA, Ikuta R, Williams RJ, Le Navenec C-L, Aho M. Antipsychotic drug use 
in Canadian long-term care facilities: prevalence, and patterns following resident relocation. 
International Psychogeriatrics. 2005;17(2):179–93.  
161.  Bhattacharya RK, Dubinsky RM, Lai SM, Dubinsky H. Is there an increased risk of hip 
fracture in Parkinson’s disease? A nationwide inpatient sample. Movement Disorders. 
2012;27(11):1440–2.  
 78 
 
162.  Weaver TB, Robinovitch SN, Laing AC, Yang Y. Falls and Parkinson’s disease: Evidence 
from video recordings of actual fall events. Journal of the American Geriatrics Society. 
2016;64(1):96–101.  
163.  Scott V, Wagar L, Elliott S. Falls and related injuries among older Canadians: Fall-related 
hospitalizations and intervention initiatives. Prepared on behalf of the Public Health Agency of 
Canada, Division of Aging and Seniors. Victoria, BC: Victoria Scott Consulting. 2010;  
164.  Stevens JA, Corso PS, Finkelstein EA, Miller TR. The costs of fatal and non-fatal falls 
among older adults. Injury Prevention. 2006;12(5):290–5.  
165.  Resident Safety: Characteristics associated with falling in Ontario complex continuing 
care [Internet]. Ottawa; 2007. [Internet]. Ottawa: Canadian Institute for Health Information; 
2007. Available from: http://secure.cihi.ca/ 
cihiweb/dispPage.jsp?cw_page=reports_ccrs_bulletins_2007_e 
166.  Inventory of Fall Prevention Initiatives in Canada – 2005. Ottawa: Division of Aging and 
Seniors, Public Health Agency of Canada [Internet]. Public health agency of Canada; 2005. 
Available from: http://publications.gc.ca/collections/collection_2018/aspc-phac/HP25-19-2005-
eng.pdf 
167.  Canadian Institute for Health Injury Hospitalizations and Socio-Economic Status 
Information. Analysis in brief. 2010. [Internet]. Ottawa: 2010. Available from: Available at: 
https://secure.cihi.ca/free_products/Injury_aib_vE4CCF_v3_en.pdf 
168.  Becker C, Rapp K. Fall prevention in nursing homes. Clinics in Geriatric Medicine. 
2010;26(4):693–704.  
169.  Fall related hospitalization [Internet]. Ottawa: Canadian Institute for Health Information 
and Canadian Patient Safety Institute; 2008. Available from: 
http://www.hiphealth.ca/media/research_cemfia_brandonwagar_cihi.pdf 
 79 
 
170.  Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK. International variations in 
hip fracture probabilities: implications for risk assessment. Journal of Bone and Mineral 
Research. 2002;17(7):1237–44.  
171.  Tenenhouse A, Joseph L, Kreiger N, Poliquin S, Murray TM, Blondeau L, et al. Estimation 
of the prevalence of low bone density in Canadian women and men using a population specific 
DXA reference standard: The Canadian Multicenter Osteoporosis Study (CaMos). Osteoporosis 
International. 2000;11(10):897–904.  
172.  Kaptoge S, Benevolenskaya LI, Bhalla AK, Cannata JB, Boonen S, Falch JA, et al. Low BMD 
is less predictive than reported falls for future limb fractures in women across Europe: Results 
from the European Prospective Osteoporosis Study. Bone. 2005;36(3):387–98.  
173.  Temkin-Greener H, Zheng NT, Mukamel DB. Rural–urban differences in end-of-life 
nursing home care: Facility and environmental factors. The Gerontologist. 2012;52(3):335–44.  
174.  Donabedian A. (1988). The quality of care: How can it be assessed? JAMA: The Journal of 
American Medical Association. 1743;12.  
175.  Commission O. A good life in old age? Monitoring and improving quality in long-term 
care. OECD Health Policy Studies Paris, France: OECD Publishing doi. 2013;10:9789264194564–
8. Avaialble from: https://www.oecd.org/els/health-systems/PolicyBrief-Good-Life-in-Old-
Age.pdf 
176.  McGregor MJ, Tate RB, McGrail KM, Ronald LA, Broemeling A-M, Cohen M. Care 
outcomes in long-term care facilities in British Columbia, Canada: Does ownership matter? 
Medical Care. 2006;44(10):929–35.  
177.  Appropriateness of Minimum Nurse Staffing Ratios in Nursing Homes. Report To 
Congress: Phase II. [Internet]. Baltimore USA: Center for Medicare and Medicaid Services. 
Baltimore. USA; 2001. Available from: www.allhealth.org/briefingmaterials/abt-
nursestaffingratios%2812-01%29-999.pdf. 
 80 
 
178.  Walker JD, Teare GF, Hogan DB, Lewis S, Maxwell CJ. Identifying potentially avoidable 
hospital admissions from Canadian long-term care facilities. Medical Care. 2009;47(2):250–4.  
179.  Wanless D, Mitchell BA, Wister AV. Social determinants of health for older women in 
Canada: Does rural–urban residency matter? Canadian Journal on Aging/La Revue Canadienne 
du Vieillissement. 2010;29(2):233–47.  
180.  Madhok R, Melton LJ, Atkinson EJ, O’Fallon WM, Lewallen DG. Urban vs rural increase in 
hip fracture incidence: age and sex of 901 cases 1980-89 in Olmsted County, USA. Acta 
Orthopaedica Scandinavica. 1993;64(5):543–8.  
181.  Mannius S, Mellström D, Oden A, Rundgren Å, Zetterberg C. Incidence of hip fracture in 
Western Sweden 1974-1982: comparison of rural and urban populations. Acta Orthopaedica 
Scandinavica. 1987;58(1):38–42.  
182.  Diamantopoulos AP, Rohde G, Johnsrud I, Skoie IM, Johnsen V, Hochberg M, et al. 
Incidence rates of fragility hip fracture in middle-aged and elderly men and women in southern 
Norway. Age and Ageing. 2011;41(1):86–92.  
183.  Wilk R, Skrzypek M, Kowalska M, Kusz D, Wielgórecki A, Horyniecki M, et al. 
Standardized incidence and trend of osteoporotic hip fracture in Polish women and men: A nine 
year observation. Maturitas. 2014;77(1):59–63.  
184.  Soveid M, Serati AR, Masoompoor M. Incidence of hip fracture in Shiraz, Iran. 
Osteoporosis International. 2005;16(11):1412–6.  
185.  Ling X, Aimin L, Xihe Z, Xiaoshu C, Cummings SR. Very low rates of hip fracture in Beijing, 
People’s Republic of China: The Beijing Osteoporosis Project. American Journal of Epidemiology. 
1996;144(9):901–7.  
186.  Huang KY, Chang JK, Ling SY, Endo N, Takahashi HE. Epidemiology of cervical and 
trochanteric fractures of the proximal femur in 1996 in Kaohsiung City, Taiwan. Journal of Bone 
and Mineral Metabolism. 2000;18(2):89–95.  
 81 
 
187.  Matsuzaki M, Pant R, Kulkarni B, Kinra S. Comparison of bone mineral density between 
urban and rural areas: Systematic review and Meta-analysis. PloS One. 2015;10(7):e0132239.  
188.  Sheehan KJ, Sobolev B, Guy P, Kuramoto L, Morin S, Sutherland J, et al. Cumulative 
incidence of in hospital mortality following hip fracture by hospital type in Canada, 2004–2012: 
Database study. Bone Joint J. 2016;98(SUPP 21):73–73.  
189.  Continuing Care Reporting System (CCRS). Data Users Guide, 2017-2018. [Internet]. 
Canadian Institute for Medical information.; 2019. Available from: 
https://secure.cihi.ca/free_products/CCRS-external-data-users-guide-2017-2018-en-web.pdf 
190.  RAI-MDS 2.0 © interRAI Corporation, Washington, D.C., 1995, 1997, 1999. Modified 
with permission for Canadian use under license to the Canadian Institute for Health 
Information. [Internet]. InterRAI; Available from: 
https://www.cihi.ca/sites/default/files/document/ccrs-rai-mds-overview-infosheet-en.pdf 
191.  Stanway JD. Personal Communication, 2016.  
192.  Hirdes JP, Poss JW, Caldarelli H, Fries BE, Morris JN, Teare GF, et al. An evaluation of 
data quality in Canada’s Continuing Care Reporting System (CCRS): Secondary analyses of 
Ontario data submitted between 1996 and 2011. BMC Medical Informatics and Decision 
Making. 2013;13(1):27.  
193.  Canadian Coding Standards for ICD-10-CA. International Statistical Classification of 
Diseases and Related Health Problems. [Internet]. Canadian Institute for Medical Information.; 
2009. Available from: https://www.cihi.ca/en/icd_10_ca_vol1_2009_en.pdf 
194.  Statistics Canada Population center and rural area classification, 2016 [Internet]. 
Statistics Canada; 2017. Available from: 
https://www.statcan.gc.ca/eng/subjects/standard/pcrac/2016/introduction 
195.  SAS Institute Inc 2013. SAS/ACCESS® 9.4 Interface to ADABAS. Cary, NC: USA: SAS 
Institute Inc; 2013.  
 82 
 
197. Agresti A. An Introduction to Categorical Data Analysis [Internet]. Second. Willey series on 
probability and Statistics; 2003. Chapter 6. Available from: 
http://www.utdallas.edu/~pkc022000/6390/SP06/NOTES/Logistic_Regression_4.pdf 
198.  Berry SD, Lee Y, Zullo AR, Kiel DP, Dosa D, Mor V. Incidence of hip fracture in US nursing 
homes. Journals of Gerontology Series A: Biomedical Sciences and Medical Sciences. 
2016;71(9):1230–4.  
199. McClung M, Harris ST, Miller PD, Bauer DC, Davison KS, Dian L, et al. Bisphosphonate therapy 
for osteoporosis: Benefits, risks, and drug holiday. The American Journal of Medicine. 
2013;126(1):13–20. 
200. Hutchison L, Hawes C, Williams L. Access to Quality Health Services in Rural Areas, Long-
term Care Networks. 2005;16(17):18.  
201. Wilson DM, Thomas R, Burns KK, Hewitt JA, Jane O-W, Sandra R. Canadian rural-urban 
differences in end-of-life care setting transitions. Global Journal of Health Science. 2012;4(5):1.  
202. Broad JB, Lumley T, Ashton T, Davis PB, Boyd M, Connolly MJ. Transitions to and from long‐
term care facilities and length of completed stay: Reuse of population‐based survey data. 
Australasian Journal on Ageing. 2017;36(2).  
203. Leslie F, Peter C., Brian Mckee,, Aleck Ostry. British Columbia. Atlas of Wellness. [Internet]. 
2nd edition. Vancouver; 2011 [cited 2019 Jun 24]. Available from: 
http://www.geog.uvic.ca/wellness/wellness2011/index.html 
204. Wall M, Lohfeld L, Giangregorio L, Ioannidis G, Kennedy CC, Moser A, et al. Fracture risk  
assessment in long-term care: A survey of long-term care physicians. BMC Geriatrics.  
2013;13(1):109. 
205. De Laet C, Kanis JA, Odén A, Johanson H, Johnell O, Delmas P, et al. Body mass index as a 
predictor of fracture risk: A meta-analysis. Osteoporosis International. 2005;16(11):1330–8.  
206. Tang X, Liu G, Kang J, Hou Y, Jiang F, Yuan W, Shi J. Obesity and risk of hip fracture in 
adults: A meta-analysis of prospective cohort studies. PloS one. 2013 Apr 12;8(4): e55077.  
 83 
 
207. Compston JE, Flahive J, Hosmer DW, et al. Relationship of weight, height, and body mass 
index with fracture risk at different sites in postmenopausal women: The Global Longitudinal 
Study of Osteoporosis in Women (GLOW). Journal of Bone and Mineral Research. 
2014;29(2):487–93. 8.  
208. Aurégan JC, Frison A, Bégué T, Hannouche D, Bosser C, Bensidhoum M, Hoc T. Contra-
lateral hip fracture in the elderly: Are decreased body mass index and skin thickness predictive 
factors? International Orthopaedics. 2017 Feb 1;41(2):247-52. 
209. Kim SH, Yi SW, Yi JJ, Kim YM, Won YJ. Association between body mass index and the risk of 
hip fracture by sex and age: a prospective cohort study. Journal of Bone and Mineral Research. 
2018 Sep;33(9):1603-11. 
210. Torbergsen AC, Watne LO, Wyller TB, Frihagen F, Strømsøe K, Bøhmer T, Mowe M. 
Micronutrients and the risk of hip fracture: Case–control study. Clinical Nutrition. 2017 Apr 
1;36(2):438-43. 
211. Meyer HE, Willett WC, Flint AJ, Feskanich D. Abdominal obesity and hip fracture: Results 
from the Nurses’ Health Study and the Health Professionals Follow-up Study. Osteoporosis 
International. 2016 Jun 1;27(6):2127-36. 
212. Samper-Ternent R, Al Snih S. Obesity in older adults: Epidemiology and implications for 
disability and disease. Reviews in Clinical Gerontology. 2012 Feb;22(1):10-34. 
213. Ganz DA, Higashi T, Rubenstein LZ. Monitoring falls in cohort studies of community‐
dwelling older people: Effect of the recall interval. Journal of the American Geriatrics Society. 
2005;53(12):2190–4. 
214. Stevens JA, Ballesteros MF, Mack KA, Rudd RA, DeCaro E, Adler G. Gender differences in 
seeking care for falls in the aged Medicare population. American Journal of Preventive 
Medicine. 2012;43(1):59–62. 
 84 
 
215. Berry SD, Zullo AR, Lee Y, Mor V, McConeghy KW, Banerjee G, D’Agostino Sr RB, Daiello L, 
Dosa D, Kiel DP. Fracture risk assessment in long-term care (FRAiL): Development and validation 
of a prediction model. The Journals of Gerontology: 2017 Aug 31;73(6):763–9. 
